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Abstract: We present a simple model of dark matter that can address astrophysical
and cosmological puzzles across a wide range of scales. The model is an application of
the Secretly Asymmetric Dark Matter mechanism, where several flavors of dark matter
are fully asymmetric despite an exact dark matter number symmetry U(1)χ. The dark
matter relic abundance arises from these asymmetries, generated in the early universe
through right-handed neutrino decays. The U(1)χ is gauged by a massless dark photon,
and asymmetries with opposite signs in the different DM flavors result in the formation of
bound states. Dark acoustic oscillations in the early universe lead to a suppression in the
matter power spectrum for addressing the σ8 problem. The dark photon as a relativistic
degree of freedom contributes to ∆Neff , easing the tension between the CMB and low
redshift H0 measurements. Finally, scattering between the bound states after structure
formation leads to a flattening of the dark matter distribution at the cores of haloes.
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1 Introduction
Secretly Asymmetric Dark Matter (SADM) has recently been proposed [1] as a mechanism
to generate the dark matter (DM) relic abundance through an asymmetry in the dark sector
despite an exact (global or gauged) DM number symmetry U(1)χ. In the implementation
of this idea in ref. [1], the asymmetry is first generated in the visible sector through high-
scale leptogenesis [2]1 and then transferred to a dark sector containing three DM flavors
χi, a flavorless mediator φ, and a dark photon γD via a coupling to the right-handed
leptons of the Standard Model (SM). The mediator in that case is charged both under SM
hypercharge and under U(1)χ, and therefore leads to mixing between the photon and the
dark photon at the one-loop level. This is phenomenologically only acceptable if the dark
photon has a nonzero mass [5], and therefore the experimental signatures of the model
manifest themselves at short distances, but in the context of long distance physics it falls
under the collisionless cold DM category.
In this work we introduce a different implementation of the SADM mechanism, where a
massless dark photon is phenomenologically allowed, and leads to a rich set of astrophysical
signatures, despite the rather minimal high-energy setup. We argue that this setup is
capable of addressing open questions in astrophysics both at the large (Hubble-scale) and
small (galaxy-scale) scales simultaneously. The model we propose serves as a short-distance
implementation of two mechanisms that have recently been proposed to address the same
open questions, namely Dark Acoustic Oscillations [6–10] and Hidden Hydrogen DM [11,
12]. By focusing on a particular region of parameter space of the model, we show that the
H0 discrepancy [13], the σ8 discrepancy [14–18] and the mass deficit problem [14, 19, 20] in
dwarf galaxies and galaxy clusters can all be addressed. There have been many efforts in
1See reviews of leptogenesis such as ref.s [3, 4] for a comprehensive list of references.
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the literature to address these discrepancies using non-standard DM self interactions [21–
30]. The SADM model presented here extends these efforts by providing a minimal short-
distance setup that nevertheless has rich enough dynamics to address multiple issues across
a wide range of scales.
The core feature of the SADM mechanism is that due to the unbroken DM number
symmetry, the total dark charge of the universe is zero at all times, but there can be
several DM flavors that have individual asymmetries. Due to the crucial role of there
being multiple DM flavors, SADM can be considered as a special case of the Flavored Dark
Matter scenario [31–37]. Unlike the model studied in ref. [1] however, where the heavier
DM flavors decay to the lightest one before Big Bang Nucleosynthesis (BBN) and result in a
symmetric distribution of the lightest DM flavor at late times, in the model we study in this
work all DM flavors are extremely long-lived and are still present today. This means that
flavors with opposite signs of asymmetry (and with opposite dark charges) must coexist,
along with a massless dark photon that mediates long-range interactions, and therefore
multiple bound states can form, each one behaving as atomic DM [21, 38, 39]. These
bound states, along with unbound DM particles and the massless dark photon then give
rise to rich dynamics across a range of distance scales. The dark photon as an additional
relativistic degree of freedom helps ease the tension between CMB-based [40] and low
redshift [13, 41, 42] measurements of H0, dark acoustic oscillations in the early universe
that arise from the scattering of free and bound states leads to a suppression of the matter
power spectrum at small scales, and the scattering between bound states after structure
formation leads to a flattening of the DM density distribution inside haloes.
The layout of this paper is as follows: In section 2 we introduce the short-distance
model, and we consider its phenomenology in the context of particle physics observables
and constraints. In section 3 we then study the cosmological features of the model, and
the astrophysical signatures that it gives rise to at the large and small scales. We conclude
in section 4 and we consider directions for future research.
2 The Model, and particle physics considerations
In this section we will introduce our SADM model and consider its high energy aspects.
We assume heavy right handed neutrinos Ni exist and that they have Majorana masses as
well as a Yukawa coupling to the SM leptons
L ⊃MN,ijNiNj + Y Nij Ni`jH† + h.c., (2.1)
where H is the SM Higgs doublet. This well-studied extension of the SM generates both
light neutrino masses through the see-saw mechanism and it also allows the creation of
a net B − L number as the origin of the matter-antimatter asymmetry in the SM sector
through CP violating phases in the coupling matrix Y Nij . These features are explored in
depth in reviews of leptogenesis [3, 4].
To this setup we add three flavors of Dirac fermions (χ, χc)i and a scalar φ with the
couplings (in the χ-mass basis)
L ⊃M2φ|φ|2 +mχ,iχciχi + λijNiχjφ+ h.c.. (2.2)
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Note that an exact U(1)χ symmetry exists, under which all χ have charge +1, while all χ
c
and φ have charge -1. We will take this symmetry to be gauged by the dark photon, with a
fine structure constant αd. The λij coupling matrix contains physical phases and is a source
of CP-violation in the dark sector. We choose the N to only couple to the left-handed χ
(and φ) but not the right-handed χc (and φ∗). If couplings to both χ and χc are present
with O(1) coefficients, this can allow a heavier χ particle to decay to a lighter one within
the age of the universe, as will be discussed later in this section. While a coupling to χc
will be generated through quantum effects, this effect is suppressed by ratio of χ and N
masses, and this does not invalidate our estimate of the χ lifetime presented below. We
will soon introduce a convention for assigning the flavor labels i.
The mediator φ, being a scalar, will be taken to be heavy, though we will assume that
it is lighter than the right-handed neutrinos. Once the right-handed neutrinos become
non-relativistic and the interaction of equation 2.2 drops out of equilibrium, the SM and
dark sectors decouple from one another. As the heavy neutrinos N decay, they will then
generate asymmetries both in the SM leptons and in the dark sector (in φ and the χi);
however as mentioned before U(1)χ is never broken and therefore the total dark charge of
the universe is zero at all times. With the interaction of equation 2.2 out of equilibrium,
the asymmetries generated in the three χ flavors cannot wash each other out. As the
temperature drops further, the φ particles become nonrelativistic and the symmetric part
of the φ particle distribution annihilates to dark photons. The asymmetric φ particles then
decay as φ→ χ `±H∓, transferring their dark charge to the χ flavors, such that after the φ
decays the asymmetry in the dark sector will reside entirely in the three DM flavors, in such
a way that the total dark charge of the universe remains zero. Note that the heaviness of
both φ and N means that the χ are very challenging to access in collider, direct detection,
or indirect detection experiments. Our model does however have astrophysical signatures,
which are the focus of this paper and which we will study in the next section.
Assuming generic phases in the entries of the Y Nij and the λij matrices, the ratio of
the typical magnitudes of the elements of Y Nij and the typical magnitudes of the elements
of λij will determine the branching ratio of the decaying N into the visible vs the dark
sector, and thereby the ratio of the overall lepton number (more precisely, B −L number)
and the flavor-by-flavor χ asymmetries that are generated through heavy neutrino decays.
Therefore, for similar magnitudes in the entries of the Y Nij and the λij matrices, the
fact that ΩDM ∼ 5ΩB suggests the GeV scale for the mass of the heaviest χ flavor, but if
the entries of one coupling matrix are larger than those of the other, then this mass can
also vary in either direction. As we will show in section 3, the region of parameter space
that is of interest for us has the mass of the heaviest DM flavor ∼ O(10) GeV, the mass
of the lightest DM flavor ∼ O(1) MeV, and a value for αd of order several percent. In this
parameter region, the symmetric parts of the χ distributions annihilate efficiently, leaving
behind only the asymmetric part generated during the N decays.
The asymmetry generated in the different χ flavors will differ from one another. In fact,
due to the total dark charge of the universe being zero, there will always be one χ flavor
with one sign of the asymmetry, and two flavors with the opposite sign, after the φ particles
have all decayed. We will adopt the following naming convention for the three χ flavors:
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Figure 1. The estimate of the probability distribution function for the ratio n3/n1. See main text
for the details of the calculation.
The χ flavor which is unique in its sign of the asymmetry will be labeled χ1, whereas the
two χ flavors with the other sign of the asymmetry will be labeled χ2 and χ3, such that
mχ2 > mχ3 . As we will see in the next section, the most interesting phenomenology is
obtained when χ3 and not χ1 is the lightest DM flavor. Thus we will take mχ1 > mχ3 as
well, while either one of χ1 or χ2 could be the heaviest flavor. The possible bound states
are then formed between χ1 and χ2, labeled H12, and between χ1 and χ3, labeled H13.
Since the total dark charge of the universe is zero at all times, the asymmetries of χ2 and
χ3 add up in magnitude to that of χ1.
The overall size of the entries of the λij coupling matrix determines the branching
fraction of N to the dark sector, and therefore the overall size of the asymmetries of all χ
flavors, while the specific flavor and phase structure in the coupling matrix determines the
branching fractions among the DM flavors. The three comoving asymmetries ∆Yi of the χ
flavors (after φ decays) satisfy
∑3
i=1 ∆Yi = 0. In terms of the physical number densities of
the three χ particles (or antiparticles, depending on the sign of the asymmetry), this can
also be written as n1 = n2 +n3. Thus the ni are not independent, however the ratio n3/n1
can in principle have any value in the interval [0, 1].
We can estimate the probability distribution for this ratio using Monte Carlo methods
with a prior where each entry of the 3×3 matrix λij is randomly chosen over the unit com-
plex circle. To calculate the asymmetry generated in each flavor from a given matrix λij ,
we follow standard techniques from leptogenesis [3]. We assume the heavy neutrino masses
are hierarchical with mN1  mN2 ,mN3 (we use mN1 = 1.0 × 1016 GeV as a benchmark
value). N1 decays are fast compared to the Hubble scale, and therefore the asymmetry
production takes place in the strong washout regime. Ratios of the ∆Yi generated in the
N1 decays can be obtained from the ratios of the CP asymmetry factors for each flavor i
ii ∝ Im{[λ]1i[m∗λ]1i}, (2.3)
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Figure 2. Decay mode for a heavier DM flavor to decay to a lighter one.
where the matrix [m]ij is given by
[m]ij = [λ]ki[λ]kj/mNk . (2.4)
For the branching ratios of the subsequent φ decays, only the tree level contributions with
an off-shell N1 are used, since any additional CP violation introduced at this stage is
subdominant. Note also that an overall rescaling of all λij entries does not affect the prob-
ability distribution of n3/n1, and therefore we are not committing ourselves to a particular
size of the λij couplings by generating random numbers over the complex unit circle. For a
given choice of mN1 and mχi , such a rescaling can be chosen such that the correct overall
ρDM and ρB are obtained. The result for the n3/n1 probability distribution is shown in
figure 1. As we will see in the next section, the region of greatest phenomenological interest
corresponds to n3/n1 <∼ 0.1, which does not require significant fine-tuning.
Even without a compressed spectrum among the DM flavors, all χ are extremely long-
lived, and are still undecayed today. The leading decay mode arises from the one-loop
diagram shown in figure 2. Let us estimate the lifetime associated with this decay mode.
Since N is the heaviest particle in the spectrum, we integrate it out first. At dimension 5,
this generates the operator (we use λ to stand in for any O(1) entries in the λij coupling
matrix, and we are suppressing flavor indices on the χ)
O5 = λ
2
mN
(
χχφ2 + h.c.
)
. (2.5)
Note however that this operator does not contribute to the decay mode of figure 2, since
one needs a factor of φφ∗ in order to close the φ loop. In order to do this, we need to go
to the dimension 6 operator generated from integrating out N
O6 = λ
2
m2N
(χ¯σ¯µ∂µχφφ
∗) . (2.6)
Next, we will integrate out the heavy mediator φ. In the low energy theory below mφ, the
effective operator that leads to the χ decay is the operator
χ¯σ¯µ∂νχFdµν , (2.7)
where Fdµν is the field strength for U(1)χ. Since all derivatives in this effective operator
act on the external momenta, which are of order mχ, the decay rate can be estimated as
Γapprox. =
1
8pi
(
λ2ed
16pi2m2N
)2
m5χ (2.8)
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Figure 3. Leading contribution to mixing between the dark photon and the SM photon.
We have also performed the full loop calculation for this process, and we find complete
agreement with the effective field theory estimate presented above, with an added numerical
factor of 1/72. The full answer for the decay rate is thus found to be, up to corrections of
order
(
m2φ/m
2
N
)
and of order
(
m2χ,final/m
2
χ,initial
)
:
Γ =
1
72
Γapprox. (2.9)
≈ (10−42eV) (λ4e2d) ( mχ10GeV)5
(
1012GeV
mN
)4
(2.10)
 H0 ≈ 10−33 eV. (2.11)
The lifetime is several orders of magnitude larger than the age of the universe for the
parameter region that will be used in this paper. The leading tree-level decay diagrams are
even further suppressed than this decay mode, and are therefore irrelevant. As discussed
earlier in this section, if the UV theory contains couplings of N to both χ and χc with
O(1) coefficients, then the operator O5 of equation 2.5 will contain a cross-term containing
χχcφφ∗ which can contribute to the decay process at order 1/mN instead of at order
mχ/m
2
N , leading to an unacceptably short lifetime. If the coupling to χ
c is absent in the
UV theory however, it is only generated with an mχ/mN suppression, and this contributes
at the same order as the piece already considered in equation 2.9.
As we will see in the next section, the most interesting phenomenological features of
the model will be obtained when the mass of the heaviest flavor (χ1 or χ2) is O(10) GeV,
the mass of the next heaviest flavor is O(0.1− 1) GeV, and the mass of the lightest flavor
(χ3) is O(1) MeV. This means that H12 will be strongly bound and difficult to ionize,
serving as a neutral DM component, while H13 may be easy to ionize, such that a non-
negligible fraction of χ3 (and the corresponding amount of χ1) can be unbound at certain
times during the early universe, delaying the decoupling of the dominant DM component
from the dark radiation, and leading to interesting dynamical effects.
For a massless dark photon, it needs to be checked that the mixing with the SM photon
is acceptably small. More precisely, in the basis where γD only interacts with χ but not the
SM fermions, the millicharge acquired by χ under electromagnetism needs to be small. The
γ-γD mixing is induced at the three-loop level: see figure 3. Matching on to an effective
– 6 –
operator FµνD Fµν , one can estimate
 ∼ eedλ
2Y 2
(16pi2)3
. (2.12)
If λ2 ∼ Y 2 ∼ 0.1 and αd ∼ α, then  is below 10−10. Let us compare this to the constraints
for millicharged DM (figure 1 in ref. [43], with m ∼ O(10) GeV, the mass of the heaviest
DM flavor), keeping in mind that some of the constraints will be relaxed, as these were
derived with the assumption that all DM particles are millicharged while we will focus in
this work exclusively on the possibility that all but a small fraction of the χ particles are in
bound states, and therefore have no net millicharge. In particular, the leading constraints
from galactic and cluster magnetic fields probe the DM at small momenta, or at distance
scales larger than the size of the bound states, thus these constraints cannot resolve the
millicharges of the constituents. While the momentum scale that is probed at LUX is
still too small to resolve the constituents of H12, it may be sufficiently large to resolve
the constituents of H13. However, in the parameter space of interest to us, H13 is the
subdominant DM component, which relaxes the constraints below the generic values of 
in our model. Furthermore, for a significant fraction of the parameter region of interest
to us (especially when mχ2 > mχ1), the mass of H13 is below the sensitivity of LUX.
It is however interesting to note that future direct detection experiments with a low mass
threshold may be able to test the scenario presented here. Finally, for the parameter region
of interest, the value of  in our model is also below the bounds from supernovae [5].
As a final consideration about the particle physics nature of our model, we want to
address the potential concern that flavor oscillations between the DM flavors may cause a
washout of the asymmetries, as the particles of χ1 oscillate into the antiparticles of χ2 or
χ3, or the other way around. However, the large mass gap between the χ flavors in the
parameter region of interest in this paper, and the extremely small intrinsic widths of these
states makes oscillations so small that they are negligible for all intents and purposes.
3 Cosmology and astrophysical signatures
Having discussed the short-distance physics aspects of our model, we now turn our attention
to the role it plays in the dynamics of the early universe, as well as in late-time astrophysical
processes. Although the dark sector is hidden from direct experimental probes via non-
gravitational interactions, the dynamics within the SADM sector can significantly change
the gravitational potential in the early universe and it leaves visible signals on both the
large and small scale structures. We will show that there is a region of parameter space
where observational anomalies on scales of dwarf galaxies (∼ kpc size) [14, 19], galaxy
clusters (∼ Mpc size) [20], the σ8 problem (∼ 10 Mpc size) [14–18], and the tension in the
measurements of H0 from the CMB [40] and from low redshift measurements [44] may all
be addressed.
The input parameters of the model that are relevant at large distances can be listed
as the comoving asymmetries of the χ flavors (of which only two are independent, and
which can therefore be parameterized in terms of n1 and n3/n1 once the symmetric part of
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the χ distributions annihilates away), the masses of the three χ flavors, and αd. In order
to calculate how the temperature of the dark sector is related to that of the SM sector,
consider energies above mN where the interaction of equation 2.2 keeps the two sectors in
equilibrium. As the temperature drops below mN , the visible and dark sectors decouple.
At this time, the dark sector contains the three Dirac fermions χ1,2,3, the complex scalar
φ, and the dark photon γD. φ is only somewhat lighter than the N , and for the parameter
region of interest for us, the mass of the lightest flavor is O(1) MeV. Therefore, at the time
of structure formation, only γD is still relativistic.
If there are no other degrees of freedom in the visible sector other than those of the SM
up to energies of mN , then by using the ratio of the number of relativistic degrees of freedom
in the two sectors at the decoupling scale and at the scale of structure formation, one obtains
∆Neff = 0.75. However, since the two sectors decouple at a very high temperature scale,
one needs to take into account the possibility that the visible sector contains additional
degrees of freedom (e.g. connected to the solution of the electroweak naturalness problem,
grand unification, etc.) that release additional entropy in the visible sector as the universe
cools down, and thereby further suppress ∆Neff . The value 0.75 should therefore be
considered as an upper limit, with the actual value depending on other possible extensions
of the SM. Since a value of 0.75 is outside the 2σ contour for reconciling the H0 discrepancy
(see e.g., [40]), we will adopt a benchmark value of ∆Neff = 0.60 for the remainder of the
paper2, which can be obtained for example if there are six Dirac fermions beyond the SM in
the visible sector. Adding even more degrees of freedom to the visible sector would further
reduce ∆Neff . It should also be noted that at the time of BBN, ∆Neff is even smaller
(∆Neff = 0.42) since χ3 has not yet become nonrelativistic at that time for mχ3 <∼ MeV,
which is the preferred value for addressing the σ8 problem as we will see later. Thus our
model is compatible with BBN constraints [46].
There are two recombination processes during the early universe, of χ1 with χ2 into
H12, and of the remaining χ1 with χ3 into H13. H12 forms earlier due to its larger binding
energy, and the remaining χ1 and χ3 particles scatter with each other and remain in
thermal equilibrium at this time. Similar to the proton-hydrogen scattering in the SM,
the scattering cross section between the non-relativistic χ1 and the H12 bound state is
sufficient for keeping them in thermal equilibrium with each other. In the scenario we
are interested in, the momentum transfer q necessary to keep H12 in thermal equilibrium
at a dark temperature Td ∼ 10 eV during the dark acoustic oscillations is given by q ∼√
mχ1 Td ∼ 104.5 eV, which is much smaller than the inverse size a−10 ∼ (αdmχ2) ∼ 107
eV of the H12 bound state (for mχ2 ∼ GeV). In this limit, the scattering rate of H12
and χ1 can be estimated as σvχ1nχ1 ∼ 4piα2dm2χ2a40
√
Td/mχ1nχ1 ∼ 10−26 eV [21], which
exceeds the Hubble expansion rate at that time. We therefore treat H12-χ1 to be in thermal
equilibrium during the acoustic oscillations. While χ1-χ3 scattering is also efficient, the
entire dark sector is then in thermal equilibrium with the dark photon, and the resulting
DM oscillations delay the formation of large scale structure.
2According to Fig. 35 in [40], this rather large ∆Neff is within 2σ constraint from the joint Planck
TT,TE,EE+lowE+lensing+BAO fit including the low redshift measurement [45].
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The oscillation stops as H13 recombines, which leaves too few free (dark-)charged
particles to sustain the oscillations. These dark acoustic oscillations generate a small
but visible damping of the matter power spectrum and may provide a solution to the σ8
problem. A more complete parameter fitting procedure including also the CMB and BAO
data is necessary to confirm this claim in full detail, however in this work we will take a
simpler approach and we will calculate the size of power spectrum suppression to argue
that the claim is plausible, leaving a more detailed analysis to future work.
We will also show that at later times, during the formation of DM halos, the scat-
tering between H12 bound states leads to thermal equilibrium and provides a solution to
the core/cusp problem of dwarf galaxies. The non-trivial velocity dependence due to the
inelastic scattering H12H12 → H12H12 γD through the dark hyperfine transition also gives
the right cross section for cores to form in relaxed cluster halos. As we will see, achieving
this will favor the parameter region where the heaviest DM flavor mass is ∼ O(10) GeV,
where the value of αd is a few percent, and n3/n1 ∼ 0.1. Furthermore, we will see that
achieving the correct amount of damping of large scale structure favors the MeV range for
mχ3 . Thus there is a region of the parameter space of our model where all parameters are
technically natural and where all three structure formation problems (dwarf, cluster and
σ8) and the H0 tension could be addressed. Below, we explore each of these aspects of our
model in detail.
3.1 Dark recombination(s)
The formation of the H12 and H13 bound states plays an important role in structure
formation. In particular dark acoustic oscillations end when there are no longer sufficiently
many unbound χ particles left to sustain them. Similar to the recombination of hydrogen
in the SM, for both H12 and H13, recombination proceeds through the formation of the
excited states (n ≥ 2), with a subsequent decay into the ground state either through a
two photon emission or through a Lyman-α transition, where the dark photon becomes
redshifted before ionizing other bound states.
A brief note on notation: we have introduced ni in the previous section to denote the
physical densities in each flavor. Since in this section we will also need to keep track of
just the density of unbound particles in each flavor, we will introduce the notation nfi ,
where f stands for “free”. With this definition n1 = n
f
1 + nH12 + nH13 , n2 = n
f
2 + nH12
and n3 = n
f
3 + nH13 . We also define the ionization fraction in each flavor as Xi ≡ nfi /ni.
Note that the dark charge neutrality of the universe enforces both n1 = n2 + n3 and also
nf1 = n
f
2 + n
f
3 .
The Boltzmann equation for X2,3, can be written as [12]
dX2,3
dt
= C2,3
{
(1−X2,3)β2,3 −X2,3 nf1α(2)2,3
}
, β2,3 ≡ α(2)2,3
(
m2,3 Td
2pi
)3/2
e−2,3/Td . (3.1)
Here, Td stands for the temperature of the dark photon bath, and 2,3 stands for the binding
energy of H12 and H13, respectively, given by µα
2
d/2, with µ the reduced mass of the bound
state in question. β2,3 is the recombination rate, which relates to the ionization rate of the
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n3/n1 = 10%
<latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83i cbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq +4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5 jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTWOtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrb WxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83i cbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq +4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5 jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTWOtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrb WxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83i cbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq +4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5 jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTWOtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrb WxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83i cbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq +4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5 jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTWOtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrb WxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZ DLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpb xamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRL tZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7 gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZ DLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpb xamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRL tZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7 gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZ DLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpb xamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRL tZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7 gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZ DLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpb xamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRL tZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7 gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit>
m 1 = 25GeV
<latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=">AAACAXi cbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXX Nza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eAC ijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA =</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=">AAACAXi cbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXX Nza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eAC ijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA =</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=">AAACAXi cbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXX Nza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eAC ijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA =</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=">AAACAXi cbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXX Nza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eAC ijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA =</latexit>
m 3 = 1MeV, ↵d = 0.02
<latexit sha1_base64="gBYOHMZhsc6SiZZcMhUrgVLmV2k=">AAACFnicdVDLSgMxFM34rPU16tJN sAgutEzG+uiiUHTjRqhgq9AZhkya2tBkZkgyQhnmK9z4K25cKOJW3Pk3pg9BRU8InJxzLzf3hAlnSjvOhzU1PTM7N19YKC4uLa+s2mvrLRWnktAmiXksr0OsKGcRbWqmOb1OJMUi5PQq7J8O/atbKhWLo0s9SKg v8E3EuoxgbaTA3hNB5pEeC/bzGvJ2M08KeE5b+a43PpgnPRxknbzmlB03sEtOuVo9dl0HmjdyK+jQEHRQrRwiiMrOCCUwQSOw371OTFJBI004VqqNnET7GZaaEU7zopcqmmDSxze0bWiEBVV+Nlorh9tG6cBuLM2 NNByp3zsyLJQaiNBUCqx76rc3FP/y2qnuHvsZi5JU04iMB3VTDnUMhxnBDpOUaD4wBBPJzF8h6WGJiTZJFk0IX5vC/0nLLSPDLyql+skkjgLYBFtgByBwBOrgDDRAExBwBx7AE3i27q1H68V6HZdOWZOeDfAD1t snpvedyA==</latexit><latexit sha1_base64="gBYOHMZhsc6SiZZcMhUrgVLmV2k=">AAACFnicdVDLSgMxFM34rPU16tJN sAgutEzG+uiiUHTjRqhgq9AZhkya2tBkZkgyQhnmK9z4K25cKOJW3Pk3pg9BRU8InJxzLzf3hAlnSjvOhzU1PTM7N19YKC4uLa+s2mvrLRWnktAmiXksr0OsKGcRbWqmOb1OJMUi5PQq7J8O/atbKhWLo0s9SKg v8E3EuoxgbaTA3hNB5pEeC/bzGvJ2M08KeE5b+a43PpgnPRxknbzmlB03sEtOuVo9dl0HmjdyK+jQEHRQrRwiiMrOCCUwQSOw371OTFJBI004VqqNnET7GZaaEU7zopcqmmDSxze0bWiEBVV+Nlorh9tG6cBuLM2 NNByp3zsyLJQaiNBUCqx76rc3FP/y2qnuHvsZi5JU04iMB3VTDnUMhxnBDpOUaD4wBBPJzF8h6WGJiTZJFk0IX5vC/0nLLSPDLyql+skkjgLYBFtgByBwBOrgDDRAExBwBx7AE3i27q1H68V6HZdOWZOeDfAD1t snpvedyA==</latexit><latexit sha1_base64="gBYOHMZhsc6SiZZcMhUrgVLmV2k=">AAACFnicdVDLSgMxFM34rPU16tJN sAgutEzG+uiiUHTjRqhgq9AZhkya2tBkZkgyQhnmK9z4K25cKOJW3Pk3pg9BRU8InJxzLzf3hAlnSjvOhzU1PTM7N19YKC4uLa+s2mvrLRWnktAmiXksr0OsKGcRbWqmOb1OJMUi5PQq7J8O/atbKhWLo0s9SKg v8E3EuoxgbaTA3hNB5pEeC/bzGvJ2M08KeE5b+a43PpgnPRxknbzmlB03sEtOuVo9dl0HmjdyK+jQEHRQrRwiiMrOCCUwQSOw371OTFJBI004VqqNnET7GZaaEU7zopcqmmDSxze0bWiEBVV+Nlorh9tG6cBuLM2 NNByp3zsyLJQaiNBUCqx76rc3FP/y2qnuHvsZi5JU04iMB3VTDnUMhxnBDpOUaD4wBBPJzF8h6WGJiTZJFk0IX5vC/0nLLSPDLyql+skkjgLYBFtgByBwBOrgDDRAExBwBx7AE3i27q1H68V6HZdOWZOeDfAD1t snpvedyA==</latexit><latexit sha1_base64="gBYOHMZhsc6SiZZcMhUrgVLmV2k=">AAACFnicdVDLSgMxFM34rPU16tJN sAgutEzG+uiiUHTjRqhgq9AZhkya2tBkZkgyQhnmK9z4K25cKOJW3Pk3pg9BRU8InJxzLzf3hAlnSjvOhzU1PTM7N19YKC4uLa+s2mvrLRWnktAmiXksr0OsKGcRbWqmOb1OJMUi5PQq7J8O/atbKhWLo0s9SKg v8E3EuoxgbaTA3hNB5pEeC/bzGvJ2M08KeE5b+a43PpgnPRxknbzmlB03sEtOuVo9dl0HmjdyK+jQEHRQrRwiiMrOCCUwQSOw371OTFJBI004VqqNnET7GZaaEU7zopcqmmDSxze0bWiEBVV+Nlorh9tG6cBuLM2 NNByp3zsyLJQaiNBUCqx76rc3FP/y2qnuHvsZi5JU04iMB3VTDnUMhxnBDpOUaD4wBBPJzF8h6WGJiTZJFk0IX5vC/0nLLSPDLyql+skkjgLYBFtgByBwBOrgDDRAExBwBx7AE3i27q1H68V6HZdOWZOeDfAD1t snpvedyA==</latexit>
m 3 = 2MeV, ↵d = 0.04
<latexit sha1_base64="8ZUDh+uJUHD1r5ToLBmjBb7Zdq8=">AAACFnicdVDLSgMxFM3UV62vqks3 wSK4qGU6rbabQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MW1HUNETAifn3MvNPV7IqFSm+WFklpZXVtey67mNza3tnfzuXkcGkcCkjQMWiJ6HJGHUJ21FFSO9UBDEPUa63uRi5ndviZA08G/UNCQO RyOfDilGSktu/oS7sY3H1K0kDcsuxrbg8Ip0kqK9OIiFY+TGg6Rhlsyqmy+YpUqlUqufQf2eQ5NTyzLNKiynSgGkaLn5d3sQ4IgTX2GGpOyXzVA5MRKKYkaSnB1JEiI8QSPS19RHnEgnnq+VwCOtDOAwEPr6Cs7V 7x0x4lJOuacrOVJj+dubiX95/UgN605M/TBSxMeLQcOIQRXAWUZwQAXBik01QVhQ/VeIx0ggrHSSOR3C16bwf9KxSmXNr6uF5nkaRxYcgENwDMqgBprgErRAG2BwBx7AE3g27o1H48V4XZRmjLRnH/yA8fYJhOa dsA==</latexit><latexit sha1_base64="8ZUDh+uJUHD1r5ToLBmjBb7Zdq8=">AAACFnicdVDLSgMxFM3UV62vqks3 wSK4qGU6rbabQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MW1HUNETAifn3MvNPV7IqFSm+WFklpZXVtey67mNza3tnfzuXkcGkcCkjQMWiJ6HJGHUJ21FFSO9UBDEPUa63uRi5ndviZA08G/UNCQO RyOfDilGSktu/oS7sY3H1K0kDcsuxrbg8Ip0kqK9OIiFY+TGg6Rhlsyqmy+YpUqlUqufQf2eQ5NTyzLNKiynSgGkaLn5d3sQ4IgTX2GGpOyXzVA5MRKKYkaSnB1JEiI8QSPS19RHnEgnnq+VwCOtDOAwEPr6Cs7V 7x0x4lJOuacrOVJj+dubiX95/UgN605M/TBSxMeLQcOIQRXAWUZwQAXBik01QVhQ/VeIx0ggrHSSOR3C16bwf9KxSmXNr6uF5nkaRxYcgENwDMqgBprgErRAG2BwBx7AE3g27o1H48V4XZRmjLRnH/yA8fYJhOa dsA==</latexit><latexit sha1_base64="8ZUDh+uJUHD1r5ToLBmjBb7Zdq8=">AAACFnicdVDLSgMxFM3UV62vqks3 wSK4qGU6rbabQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MW1HUNETAifn3MvNPV7IqFSm+WFklpZXVtey67mNza3tnfzuXkcGkcCkjQMWiJ6HJGHUJ21FFSO9UBDEPUa63uRi5ndviZA08G/UNCQO RyOfDilGSktu/oS7sY3H1K0kDcsuxrbg8Ip0kqK9OIiFY+TGg6Rhlsyqmy+YpUqlUqufQf2eQ5NTyzLNKiynSgGkaLn5d3sQ4IgTX2GGpOyXzVA5MRKKYkaSnB1JEiI8QSPS19RHnEgnnq+VwCOtDOAwEPr6Cs7V 7x0x4lJOuacrOVJj+dubiX95/UgN605M/TBSxMeLQcOIQRXAWUZwQAXBik01QVhQ/VeIx0ggrHSSOR3C16bwf9KxSmXNr6uF5nkaRxYcgENwDMqgBprgErRAG2BwBx7AE3g27o1H48V4XZRmjLRnH/yA8fYJhOa dsA==</latexit><latexit sha1_base64="8ZUDh+uJUHD1r5ToLBmjBb7Zdq8=">AAACFnicdVDLSgMxFM3UV62vqks3 wSK4qGU6rbabQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MW1HUNETAifn3MvNPV7IqFSm+WFklpZXVtey67mNza3tnfzuXkcGkcCkjQMWiJ6HJGHUJ21FFSO9UBDEPUa63uRi5ndviZA08G/UNCQO RyOfDilGSktu/oS7sY3H1K0kDcsuxrbg8Ip0kqK9OIiFY+TGg6Rhlsyqmy+YpUqlUqufQf2eQ5NTyzLNKiynSgGkaLn5d3sQ4IgTX2GGpOyXzVA5MRKKYkaSnB1JEiI8QSPS19RHnEgnnq+VwCOtDOAwEPr6Cs7V 7x0x4lJOuacrOVJj+dubiX95/UgN605M/TBSxMeLQcOIQRXAWUZwQAXBik01QVhQ/VeIx0ggrHSSOR3C16bwf9KxSmXNr6uF5nkaRxYcgENwDMqgBprgErRAG2BwBx7AE3g27o1H48V4XZRmjLRnH/yA8fYJhOa dsA==</latexit>
m 3 = 1MeV, ↵d = 0.04
<latexit sha1_base64="2CekOhlvi2olc3hKlIVnBLeCOws=">AAACFnicbVDLSgMxFM3UV62vUZdu gkVwUctMp6CbQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MX2BWk8I93DOvST3BDGjUlnWl5FbWV1b38hvFra2d3b3zP2DlowSgUkTRywSnQBJwmhImooqRjqxIIgHjLSD0dXEb98TIWkU3qlxTDyO BiHtU4yUlnzzjPupi4fUd7Ka7ZZSV3B4Q1pZyZ0dxOIh8tNeVrPKVtU3i7pMATVxnGrFgfZCWZAimKPhm59uL8IJJ6HCDEnZta1YeSkSimJGsoKbSBIjPEID0tU0RJxIL52ulcETrfRgPxL6hgpO1Z8TKeJSjnmg OzlSQ/nXm4j/ed1E9S+8lIZxokiIZw/1EwZVBCcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CEsrL5NWpWxrflst1i/nceTBETgGp8AG56AOrkEDNAEGD+AJvIBX49F4Nt6M91lrzpjPHIJfMD6+AVuUnZQ=</latex it><latexit sha1_base64="2CekOhlvi2olc3hKlIVnBLeCOws=">AAACFnicbVDLSgMxFM3UV62vUZdu gkVwUctMp6CbQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MX2BWk8I93DOvST3BDGjUlnWl5FbWV1b38hvFra2d3b3zP2DlowSgUkTRywSnQBJwmhImooqRjqxIIgHjLSD0dXEb98TIWkU3qlxTDyO BiHtU4yUlnzzjPupi4fUd7Ka7ZZSV3B4Q1pZyZ0dxOIh8tNeVrPKVtU3i7pMATVxnGrFgfZCWZAimKPhm59uL8IJJ6HCDEnZta1YeSkSimJGsoKbSBIjPEID0tU0RJxIL52ulcETrfRgPxL6hgpO1Z8TKeJSjnmg OzlSQ/nXm4j/ed1E9S+8lIZxokiIZw/1EwZVBCcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CEsrL5NWpWxrflst1i/nceTBETgGp8AG56AOrkEDNAEGD+AJvIBX49F4Nt6M91lrzpjPHIJfMD6+AVuUnZQ=</latex it><latexit sha1_base64="2CekOhlvi2olc3hKlIVnBLeCOws=">AAACFnicbVDLSgMxFM3UV62vUZdu gkVwUctMp6CbQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MX2BWk8I93DOvST3BDGjUlnWl5FbWV1b38hvFra2d3b3zP2DlowSgUkTRywSnQBJwmhImooqRjqxIIgHjLSD0dXEb98TIWkU3qlxTDyO BiHtU4yUlnzzjPupi4fUd7Ka7ZZSV3B4Q1pZyZ0dxOIh8tNeVrPKVtU3i7pMATVxnGrFgfZCWZAimKPhm59uL8IJJ6HCDEnZta1YeSkSimJGsoKbSBIjPEID0tU0RJxIL52ulcETrfRgPxL6hgpO1Z8TKeJSjnmg OzlSQ/nXm4j/ed1E9S+8lIZxokiIZw/1EwZVBCcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CEsrL5NWpWxrflst1i/nceTBETgGp8AG56AOrkEDNAEGD+AJvIBX49F4Nt6M91lrzpjPHIJfMD6+AVuUnZQ=</latex it><latexit sha1_base64="2CekOhlvi2olc3hKlIVnBLeCOws=">AAACFnicbVDLSgMxFM3UV62vUZdu gkVwUctMp6CbQtGNG6GCfUBnGDJp2oYmM0OSEcowX+HGX3HjQhG34s6/MX2BWk8I93DOvST3BDGjUlnWl5FbWV1b38hvFra2d3b3zP2DlowSgUkTRywSnQBJwmhImooqRjqxIIgHjLSD0dXEb98TIWkU3qlxTDyO BiHtU4yUlnzzjPupi4fUd7Ka7ZZSV3B4Q1pZyZ0dxOIh8tNeVrPKVtU3i7pMATVxnGrFgfZCWZAimKPhm59uL8IJJ6HCDEnZta1YeSkSimJGsoKbSBIjPEID0tU0RJxIL52ulcETrfRgPxL6hgpO1Z8TKeJSjnmg OzlSQ/nXm4j/ed1E9S+8lIZxokiIZw/1EwZVBCcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CEsrL5NWpWxrflst1i/nceTBETgGp8AG56AOrkEDNAEGD+AJvIBX49F4Nt6M91lrzpjPHIJfMD6+AVuUnZQ=</latex it>
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n3/n1 = 10%
<latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP 4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq+4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTW OtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrbWxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP 4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq+4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTW OtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrbWxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP 4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq+4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTW OtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrbWxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit><latexit sha1_base64="359ApQnbtlxxsZUdwgLjWjZlENw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJaCp5pVQS9C0YvHCvYDmhA22027dLMJuxuhhP 4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05pZXVtfaO8Wdna3tndq+4fdHSSKcraNBGJ6oVEM8ElaxtuBOulipE4FKwbjm9nfveRKc0T+WAmKfNjMpQ84pQYK3kyOD+VAb7GrlcPqjW34c6B/hJckBoUaAXVT2+Q0Cxm0lBBtO5jNzV+TpThVLBpxcs0SwkdkyHrWypJzLSfz2+eorpVBihKlC1p0Fz9OZGTW OtJHNrOmJiRXvZm4n9ePzPRlZ9zmWaGSbpYFGUCmQTNAkADrhg1YmIJoYrbWxEdEUWosTFVbAh4+eW/pHPWwG4D31/UmjdFHGU4gmM4AQyX0IQ7aEEbKKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A9pEkD4=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTc uFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJj OiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTc uFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJj OiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTc uFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJj OiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTc uFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJj OiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit>
SM Xe
<latexit sha1_base64="w9VuDRFlcVu+lEeam1wyK4cEt4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s wm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVB iRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ASnAjbQ=</latexit><latexit sha1_base64="w9VuDRFlcVu+lEeam1wyK4cEt4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s wm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVB iRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ASnAjbQ=</latexit><latexit sha1_base64="w9VuDRFlcVu+lEeam1wyK4cEt4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s wm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVB iRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ASnAjbQ=</latexit><latexit sha1_base64="w9VuDRFlcVu+lEeam1wyK4cEt4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s wm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVB iRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ASnAjbQ=</latexit>
m 1 = 1GeV
<latexit sha1_base64="BSYATfdallEma7t9ZXo2wc82qvI=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXAhJRFBN0LRhS4r2As0IUymk3boTBJmJ kIJ2fgqblwo4tbHcOfbOL0stPWHgY//nMOZ84cpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QK8pZTJuaaU47qaRYhJy2w+HNuN5+pFKxJH7Qo5T6AvdjFjGCtbEC+0AEuUcGLHCLK9c7zT0p0C1tFYFddWrORGgR3BlUYaZGYH95vYRkgsaacKxU13VS7edYakY4LSpepmiKyRD3addgjAVVfj45oE DHxumhKJHmxRpN3N8TORZKjURoOgXWAzVfG5v/1bqZji79nMVppmlMpouijCOdoHEaqMckJZqPDGAimfkrIgMsMdEms4oJwZ0/eRFaZzXX8P15tX49i6MMh3AEJ+DCBdThDhrQBAIFPMMrvFlP1ov1bn1MW0vWbGYf/sj6/AGa8pXA</latexit><latexit sha1_base64="BSYATfdallEma7t9ZXo2wc82qvI=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXAhJRFBN0LRhS4r2As0IUymk3boTBJmJ kIJ2fgqblwo4tbHcOfbOL0stPWHgY//nMOZ84cpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QK8pZTJuaaU47qaRYhJy2w+HNuN5+pFKxJH7Qo5T6AvdjFjGCtbEC+0AEuUcGLHCLK9c7zT0p0C1tFYFddWrORGgR3BlUYaZGYH95vYRkgsaacKxU13VS7edYakY4LSpepmiKyRD3addgjAVVfj45oE DHxumhKJHmxRpN3N8TORZKjURoOgXWAzVfG5v/1bqZji79nMVppmlMpouijCOdoHEaqMckJZqPDGAimfkrIgMsMdEms4oJwZ0/eRFaZzXX8P15tX49i6MMh3AEJ+DCBdThDhrQBAIFPMMrvFlP1ov1bn1MW0vWbGYf/sj6/AGa8pXA</latexit><latexit sha1_base64="BSYATfdallEma7t9ZXo2wc82qvI=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXAhJRFBN0LRhS4r2As0IUymk3boTBJmJ kIJ2fgqblwo4tbHcOfbOL0stPWHgY//nMOZ84cpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QK8pZTJuaaU47qaRYhJy2w+HNuN5+pFKxJH7Qo5T6AvdjFjGCtbEC+0AEuUcGLHCLK9c7zT0p0C1tFYFddWrORGgR3BlUYaZGYH95vYRkgsaacKxU13VS7edYakY4LSpepmiKyRD3addgjAVVfj45oE DHxumhKJHmxRpN3N8TORZKjURoOgXWAzVfG5v/1bqZji79nMVppmlMpouijCOdoHEaqMckJZqPDGAimfkrIgMsMdEms4oJwZ0/eRFaZzXX8P15tX49i6MMh3AEJ+DCBdThDhrQBAIFPMMrvFlP1ov1bn1MW0vWbGYf/sj6/AGa8pXA</latexit><latexit sha1_base64="BSYATfdallEma7t9ZXo2wc82qvI=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXAhJRFBN0LRhS4r2As0IUymk3boTBJmJ kIJ2fgqblwo4tbHcOfbOL0stPWHgY//nMOZ84cpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QK8pZTJuaaU47qaRYhJy2w+HNuN5+pFKxJH7Qo5T6AvdjFjGCtbEC+0AEuUcGLHCLK9c7zT0p0C1tFYFddWrORGgR3BlUYaZGYH95vYRkgsaacKxU13VS7edYakY4LSpepmiKyRD3addgjAVVfj45oE DHxumhKJHmxRpN3N8TORZKjURoOgXWAzVfG5v/1bqZji79nMVppmlMpouijCOdoHEaqMckJZqPDGAimfkrIgMsMdEms4oJwZ0/eRFaZzXX8P15tX49i6MMh3AEJ+DCBdThDhrQBAIFPMMrvFlP1ov1bn1MW0vWbGYf/sj6/AGa8pXA</latexit>
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NEW
Figure 4. The SM (black) and χ3 ionization fractions during the recombination epoch as a function
of the scale factor, for representative values of (mχ3 , αd) and two χ1 masses corresponding to the
cases where χ1 is the heaviest DM flavor (left), and the second heaviest DM flavor (right).
excited (n = 2) state
α
(2)
2,3 = 9.78
α2d
m2χ2,3
(
2,3
Td
)1/2
ln
(
2,3
Td
)
. (3.2)
The factor C2,3 takes into account Peebles’ correction to the process, and its value can be
approximated as
C2,3 =
Λα(2,3) + Λ2γD(2,3)
Λα(2,3) + Λ2γD(2,3) + β
(2)
2,3
, Λα(2,3) =
H(3 2,3)
3
(8pi)2n2,3(1−X2,3) , (3.3)
with H being the Hubble rate. Λ2γD(2,3) stands for the two photon decay rates of H12
and H13. We estimate the two photon decay rate in our model by rescaling the SM rate
Λ2γ = 8.227 sec
−1. As given in equation 2 of [47], the parametric dependence of this
rate is given by the ground state energy times α6, and we substitute the corresponding
values of these quantities in our model to obtain Λ2γD(2,3). The Lyman alpha production
rate is β
(2)
2,3 = β2,3 e
32,3/4Td . When calculating the ionization fractions, we calculate the
Hubble expansion rate, keeping in mind that the dark and visible sectors have different
temperatures, using the benchmark value ∆Neff = 0.60 as discussed above.
In Fig. 4, we plot X3 during H13 recombination, for a few representative values of mχ3
and αd, for n3/n1 = 10%. The plots on the left and right correspond to the case where
χ1 is the heaviest flavor with mχ1 = 25 GeV, and the case where it is the second heaviest
flavor with mχ1 = 1 GeV, respectively. The relic ionization fraction becomes larger either
for a smaller value of αd or a larger value of mχ3 . The residual ionization fraction can be
approximated as [10]
X3 ∼ 3× 10−6
(
Td
Tγ
)( αd
0.02
)−6(n1
n3
)(mH13
GeV
)( 3
keV
)
. (3.4)
Dark baryon acoustic oscillations end after H13 recombination, and the recombination
time scale determines the suppression of the power spectrum. Since the H12 recombination
happens at a much earlier time, it does not have a strong effect on the power spectrum.
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3.2 Dark acoustic oscillations and large scale structure
We now turn our attention to the evolution equations for the DM and dark radiation
(DR) density perturbations in our model, after the H12 recombination, but before the H13
recombination. Thus the relevant matter degrees of freedom are χ1 (with X1 ∼ n3/n1
during this epoch), χ3 (with X3 ∼ 1) and the bound state H12 (with nH12 ∼ n2). As
discussed earlier in this section, we treat all the dark matter particles to behave as a single
fluid during the dark acoustic oscillations and refer to these degrees of freedom collectively
as “Acoustic DM” (AcDM) that undergo acoustic oscillations. We work in the conformal
Newtonian gauge [48]
ds2 = a2(τ)
[−(1 + 2ψ)dτ2 + (1− 2φ)δijdxidxj] , (3.5)
where the fields ψ and φ describe scalar perturbations on the background metric. To linear
order in the perturbations, we have
δ˙AcDM = −θAcDM + 3φ˙ , (3.6)
θ˙AcDM = − a˙
a
θAcDM +
4ργD
3ρAcDM
nf3(a)σT a(θγD − θAcDM) + k2ψ, (3.7)
where the derivatives are with respect to η, the conformal time. δ ≡ δρ/ρ¯ is the per-
turbation of the energy density, k is the wave number, and θ ≡ ∂ivi is the divergence of
the comoving 3-velocity. Since the AcDM components are all non-relativistic at this time,
one can ignore the sound speed3. As long as the momentum transfer rate from the dark
Thomson scattering γDχ3 → γDχ3 is comparable to Hubble, the density perturbations os-
cillate with the dark photon perturbation, and structures cannot grow. The cross section
is given by σT = 8piα
2
d/3m
2
χ3 , and n
f
3 depends on the ionization fraction X3 obtained by
solving Eq. (3.1). The dark photon perturbations, including higher modes in the Legendre
polynomials, FγD`, evolve as [48]
δ˙γD = −
4
3
θγD + 4φ˙, (3.8)
θ˙γD = k
2
(
1
4
δγD −
1
2
FγD2
)
+ anf3 σT (θAcDM − θγD) + k2ψ, (3.9)
F˙γD2 =
8
15
θγD −
3
5
kFγD3 −
9
10
anf3 σTFγD2, (3.10)
F˙γDl =
k
2l + 1
[
lFγD(l−1) − (l + 1)FγD(l+1)
]− anf3 σTFγDl, l ≥ 3 (3.11)
F˙γDlmax = kFγD(lmax−1) −
lmax + 1
τ
FγDlmax − anf3 σTFγDlmax . (3.12)
Here the FγDl are related to the spatial variations in the density fluctuations in the dark
photons, in particular δγD ≡ FγD0, θγD ≡ 34kFγD1/4, and σ ≡ 12FγD2 where σ is the
shear stress. We truncate the Boltzmann hierarchy at order lmax = 4, making use of the
approximation outlined in Ref. [48]4. The equations are similar to those for the SM photon
and baryons.
3We have verified numerically that this gives a good approximation.
4We have also reproduced the analysis with lmax = 5 to confirm that our results are not sensitive to the
choice of lmax.
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In the calculation we take ψ = φ and ignore the correction from free streaming radi-
ation. This approximation is good since our ∆Neff is much smaller than the number of
light neutrinos. Gravity perturbations are sourced by the density fluctuations as described
by the Einstein equation,
k2ψ + 3
a˙
a
(
ψ˙ +
a˙
a
ψ
)
= − a
2
2M2pl
∑
ρi δi, (3.13)
where the sum is over the SM photon, the dark photon and the AcDM components. For
the initial conditions, the modes that enter the horizon before matter-radiation equality
satisfy
δγD =
4
3
δAcDM = −2ψ, θγ,γD,AcDM =
k2η
2
ψ, (3.14)
and the modes that enter during the era of matter domination satisfy
3
4
δγD = δAcDM = −2ψ, θγ,γD,AcDM =
k2η
3
ψ. (3.15)
We set the initial values of the higher modes FγD`≥2 = 0, since these higher angular modes
quickly damp away when the AcDM-γD scattering is efficient. We neglect the tilt in the
primordial spectrum (ns = 1) and take a k-independent value of ψ = 10
−4. The final
results are independent of the precise value of ψ since we are interested in the ratio of the
matter power spectra with and without the dark acoustic oscillations. In the numerical
study, we choose the values h = 0.67, Ωγh
2 = 2.47×10−5, ΩΛh2 = 0.69, Ωbh2 = 2.2×10−2,
and Ων = 0.69Ωγ [40].
After solving this set of differential equations, in order to quantify the importance
of dark acoustic oscillations, we compare the DM power spectrum of AcDM to that of
collisionless DM with an added non-interacting dark photon component, such that the
energy density of dark radiation is equal in both scenarios, and further complications in
the fitting of cosmological parameters are avoided:
P (k)AcDM
P (k)ΛCDM+DR
≈
(
δχ(k)AcDM
δχ(k)ΛCDM+DR
)2
, (3.16)
where the terms on the right hand side refer only to the nonrelativistic DM component. We
show the power spectrum ratio in Fig. 5 for two representative values of αd in the region
of interest. When the H13 recombination takes place, the momentum transfer term in
Eq. (3.7) quickly drops blow the Hubble expansion rate. The density perturbations entering
the horizon after this point evolve the same way as they would in the ΛCDM scenario, and
thus the ratio for small k modes asymptotes to 1. The matter power spectrum receives a
suppression for modes that enter the horizon before recombination, thus for a lower H13
binding energy (blue curve) there is a larger suppression. This helps to explain the results
of low red-shift measurements for σ8. We estimate the viable parameter region by requiring
a 5 − 15% suppression of the power spectrum at k = 0.2h Mpc−1 (blue band in figure 5
and yellow band in figure 6). Although in this work we only focus on the suppression of
the matter power spectrum in the linear regime, the suppression continues past k = 0.2h
– 12 –
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<latexit sha1_base64="zEg68fCTODyIbe8J0x2HJGtC vQs=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ApuKozKuhGKLpxWcFeoDMMmTTThmYyQ5IRytDXcONCEbe+jDvfxrSd hVZ/CHz85xzOyR+mgmvjOF+otLK6tr5R3qxsbe/s7lX3Dzo6yRRlbZqIRPVCopngkrUNN4L1UsVIHArWDce3s3r3kSn NE/lgJinzYzKUPOKUGGt5Mjg/lYF77TpePajWnIYzF/4LbgE1KNQKqp/eIKFZzKShgmjdd53U+DlRhlPBphUv0ywldE yGrG9RkphpP5/fPMV16wxwlCj7pMFz9+dETmKtJ3FoO2NiRnq5NjP/q/UzE135OZdpZpiki0VRJrBJ8CwAPOCKUSMm FghV3N6K6YgoQo2NqWJDcJe//Bc6Zw3X8v1FrXlTxFGGIziGE3DhEppwBy1oA4UUnuAFXlGGntEbel+0llAxcwi/hD6 +AdpGkD4=</latexit><latexit sha1_base64="zEg68fCTODyIbe8J0x2HJGtC vQs=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ApuKozKuhGKLpxWcFeoDMMmTTThmYyQ5IRytDXcONCEbe+jDvfxrSd hVZ/CHz85xzOyR+mgmvjOF+otLK6tr5R3qxsbe/s7lX3Dzo6yRRlbZqIRPVCopngkrUNN4L1UsVIHArWDce3s3r3kSn NE/lgJinzYzKUPOKUGGt5Mjg/lYF77TpePajWnIYzF/4LbgE1KNQKqp/eIKFZzKShgmjdd53U+DlRhlPBphUv0ywldE yGrG9RkphpP5/fPMV16wxwlCj7pMFz9+dETmKtJ3FoO2NiRnq5NjP/q/UzE135OZdpZpiki0VRJrBJ8CwAPOCKUSMm FghV3N6K6YgoQo2NqWJDcJe//Bc6Zw3X8v1FrXlTxFGGIziGE3DhEppwBy1oA4UUnuAFXlGGntEbel+0llAxcwi/hD6 +AdpGkD4=</latexit><latexit sha1_base64="zEg68fCTODyIbe8J0x2HJGtC vQs=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ApuKozKuhGKLpxWcFeoDMMmTTThmYyQ5IRytDXcONCEbe+jDvfxrSd hVZ/CHz85xzOyR+mgmvjOF+otLK6tr5R3qxsbe/s7lX3Dzo6yRRlbZqIRPVCopngkrUNN4L1UsVIHArWDce3s3r3kSn NE/lgJinzYzKUPOKUGGt5Mjg/lYF77TpePajWnIYzF/4LbgE1KNQKqp/eIKFZzKShgmjdd53U+DlRhlPBphUv0ywldE yGrG9RkphpP5/fPMV16wxwlCj7pMFz9+dETmKtJ3FoO2NiRnq5NjP/q/UzE135OZdpZpiki0VRJrBJ8CwAPOCKUSMm FghV3N6K6YgoQo2NqWJDcJe//Bc6Zw3X8v1FrXlTxFGGIziGE3DhEppwBy1oA4UUnuAFXlGGntEbel+0llAxcwi/hD6 +AdpGkD4=</latexit><latexit sha1_base64="zEg68fCTODyIbe8J0x2HJGtC vQs=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ApuKozKuhGKLpxWcFeoDMMmTTThmYyQ5IRytDXcONCEbe+jDvfxrSd hVZ/CHz85xzOyR+mgmvjOF+otLK6tr5R3qxsbe/s7lX3Dzo6yRRlbZqIRPVCopngkrUNN4L1UsVIHArWDce3s3r3kSn NE/lgJinzYzKUPOKUGGt5Mjg/lYF77TpePajWnIYzF/4LbgE1KNQKqp/eIKFZzKShgmjdd53U+DlRhlPBphUv0ywldE yGrG9RkphpP5/fPMV16wxwlCj7pMFz9+dETmKtJ3FoO2NiRnq5NjP/q/UzE135OZdpZpiki0VRJrBJ8CwAPOCKUSMm FghV3N6K6YgoQo2NqWJDcJe//Bc6Zw3X8v1FrXlTxFGGIziGE3DhEppwBy1oA4UUnuAFXlGGntEbel+0llAxcwi/hD6 +AdpGkD4=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgl oes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2W Wj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKx WNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6 qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHT ALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5as YmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgl oes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2W Wj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKx WNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6 qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHT ALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5as YmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgl oes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2W Wj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKx WNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6 qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHT ALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5as YmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgl oes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2W Wj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKx WNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6 qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHT ALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5as YmYP/ZL18Q1/oZNs</latexit>
m 1 = 25GeV
<latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPV pZs=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp 20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/ EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6 GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1 Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPV pZs=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp 20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/ EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6 GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1 Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPV pZs=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp 20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/ EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6 GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1 Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPV pZs=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp 20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/ EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6 GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilE Edw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1 Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit>
m 3 = 1MeV
<latexit sha1_base64="/RY0bdrYNi2NTQwZKI5GGew tR7Q=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBBdSEhV0IxTduBEq2As0JUymJ+3QmSTMTIQSsvFV3LhQxK2P4 c63cdpmoa0/DHz85xzOnD9IOFPacb6thcWl5ZXV0lp5fWNza9ve2W2qOJUUGjTmsWwHRAFnETQ00xzaiQQiAg6tYH gzrrceQSoWRw96lEBXkH7EQkaJNpZv7ws/8+iA+Wf5leudZJ4U+A6auW9XnKozEZ4Ht4AKKlT37S+vF9NUQKQpJ0p 1XCfR3YxIzSiHvOylChJCh6QPHYMREaC62eSAHB8Zp4fDWJoXaTxxf09kRCg1EoHpFEQP1GxtbP5X66Q6vOxmLEp SDRGdLgpTjnWMx2ngHpNANR8ZIFQy81dMB0QSqk1mZROCO3vyPDRPq67h+/NK7bqIo4QO0CE6Ri66QDV0i+qogSjK 0TN6RW/Wk/VivVsf09YFq5jZQ39kff4Ap0CVyA==</latexit><latexit sha1_base64="/RY0bdrYNi2NTQwZKI5GGew tR7Q=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBBdSEhV0IxTduBEq2As0JUymJ+3QmSTMTIQSsvFV3LhQxK2P4 c63cdpmoa0/DHz85xzOnD9IOFPacb6thcWl5ZXV0lp5fWNza9ve2W2qOJUUGjTmsWwHRAFnETQ00xzaiQQiAg6tYH gzrrceQSoWRw96lEBXkH7EQkaJNpZv7ws/8+iA+Wf5leudZJ4U+A6auW9XnKozEZ4Ht4AKKlT37S+vF9NUQKQpJ0p 1XCfR3YxIzSiHvOylChJCh6QPHYMREaC62eSAHB8Zp4fDWJoXaTxxf09kRCg1EoHpFEQP1GxtbP5X66Q6vOxmLEp SDRGdLgpTjnWMx2ngHpNANR8ZIFQy81dMB0QSqk1mZROCO3vyPDRPq67h+/NK7bqIo4QO0CE6Ri66QDV0i+qogSjK 0TN6RW/Wk/VivVsf09YFq5jZQ39kff4Ap0CVyA==</latexit><latexit sha1_base64="/RY0bdrYNi2NTQwZKI5GGew tR7Q=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBBdSEhV0IxTduBEq2As0JUymJ+3QmSTMTIQSsvFV3LhQxK2P4 c63cdpmoa0/DHz85xzOnD9IOFPacb6thcWl5ZXV0lp5fWNza9ve2W2qOJUUGjTmsWwHRAFnETQ00xzaiQQiAg6tYH gzrrceQSoWRw96lEBXkH7EQkaJNpZv7ws/8+iA+Wf5leudZJ4U+A6auW9XnKozEZ4Ht4AKKlT37S+vF9NUQKQpJ0p 1XCfR3YxIzSiHvOylChJCh6QPHYMREaC62eSAHB8Zp4fDWJoXaTxxf09kRCg1EoHpFEQP1GxtbP5X66Q6vOxmLEp SDRGdLgpTjnWMx2ngHpNANR8ZIFQy81dMB0QSqk1mZROCO3vyPDRPq67h+/NK7bqIo4QO0CE6Ri66QDV0i+qogSjK 0TN6RW/Wk/VivVsf09YFq5jZQ39kff4Ap0CVyA==</latexit><latexit sha1_base64="/RY0bdrYNi2NTQwZKI5GGew tR7Q=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBBdSEhV0IxTduBEq2As0JUymJ+3QmSTMTIQSsvFV3LhQxK2P4 c63cdpmoa0/DHz85xzOnD9IOFPacb6thcWl5ZXV0lp5fWNza9ve2W2qOJUUGjTmsWwHRAFnETQ00xzaiQQiAg6tYH gzrrceQSoWRw96lEBXkH7EQkaJNpZv7ws/8+iA+Wf5leudZJ4U+A6auW9XnKozEZ4Ht4AKKlT37S+vF9NUQKQpJ0p 1XCfR3YxIzSiHvOylChJCh6QPHYMREaC62eSAHB8Zp4fDWJoXaTxxf09kRCg1EoHpFEQP1GxtbP5X66Q6vOxmLEp SDRGdLgpTjnWMx2ngHpNANR8ZIFQy81dMB0QSqk1mZROCO3vyPDRPq67h+/NK7bqIo4QO0CE6Ri66QDV0i+qogSjK 0TN6RW/Wk/VivVsf09YFq5jZQ39kff4Ap0CVyA==</latexit>
↵d = 0.025
<latexit sha1_base64="E/ZtRi2jhnLDz/CeLrIm4IfV0Wg=">AAAB9XicbZDLSgMx FIbP1Futt6pLN8EiuCozbUU3QtGNywr2Au1YzmQybWjmQpJRSul7uHGhiFvfxZ1vY3oDtR4I+fj/c8jJ7yWCK23bX1ZmZXVtfSO7mdva3tndy+8fNFScSsrqNBaxbHmomOARq2u uBWslkmHoCdb0BtcTv/nApOJxdKeHCXND7EU84BS1ke47KJI+dv1Lu2iXzrr5grmnRQyUy5VSmTgLZQEFmFetm//s+DFNQxZpKlCptmMn2h2h1JwKNs51UsUSpAPssbbBCEOm3N F06zE5MYpPgliaE2kyVX9OjDBUahh6pjNE3Vd/vYn4n9dOdXDhjniUpJpFdPZQkAqiYzKJgPhcMqrF0ABSyc2uhPZRItUmqJwJYenLy9AoFR3Dt5VC9WoeRxaO4BhOwYFzqMIN1 KAOFCQ8wQu8Wo/Ws/Vmvc9aM9Z85hB+lfXxDdzmkW0=</latexit><latexit sha1_base64="E/ZtRi2jhnLDz/CeLrIm4IfV0Wg=">AAAB9XicbZDLSgMx FIbP1Futt6pLN8EiuCozbUU3QtGNywr2Au1YzmQybWjmQpJRSul7uHGhiFvfxZ1vY3oDtR4I+fj/c8jJ7yWCK23bX1ZmZXVtfSO7mdva3tndy+8fNFScSsrqNBaxbHmomOARq2u uBWslkmHoCdb0BtcTv/nApOJxdKeHCXND7EU84BS1ke47KJI+dv1Lu2iXzrr5grmnRQyUy5VSmTgLZQEFmFetm//s+DFNQxZpKlCptmMn2h2h1JwKNs51UsUSpAPssbbBCEOm3N F06zE5MYpPgliaE2kyVX9OjDBUahh6pjNE3Vd/vYn4n9dOdXDhjniUpJpFdPZQkAqiYzKJgPhcMqrF0ABSyc2uhPZRItUmqJwJYenLy9AoFR3Dt5VC9WoeRxaO4BhOwYFzqMIN1 KAOFCQ8wQu8Wo/Ws/Vmvc9aM9Z85hB+lfXxDdzmkW0=</latexit><latexit sha1_base64="E/ZtRi2jhnLDz/CeLrIm4IfV0Wg=">AAAB9XicbZDLSgMx FIbP1Futt6pLN8EiuCozbUU3QtGNywr2Au1YzmQybWjmQpJRSul7uHGhiFvfxZ1vY3oDtR4I+fj/c8jJ7yWCK23bX1ZmZXVtfSO7mdva3tndy+8fNFScSsrqNBaxbHmomOARq2u uBWslkmHoCdb0BtcTv/nApOJxdKeHCXND7EU84BS1ke47KJI+dv1Lu2iXzrr5grmnRQyUy5VSmTgLZQEFmFetm//s+DFNQxZpKlCptmMn2h2h1JwKNs51UsUSpAPssbbBCEOm3N F06zE5MYpPgliaE2kyVX9OjDBUahh6pjNE3Vd/vYn4n9dOdXDhjniUpJpFdPZQkAqiYzKJgPhcMqrF0ABSyc2uhPZRItUmqJwJYenLy9AoFR3Dt5VC9WoeRxaO4BhOwYFzqMIN1 KAOFCQ8wQu8Wo/Ws/Vmvc9aM9Z85hB+lfXxDdzmkW0=</latexit><latexit sha1_base64="E/ZtRi2jhnLDz/CeLrIm4IfV0Wg=">AAAB9XicbZDLSgMx FIbP1Futt6pLN8EiuCozbUU3QtGNywr2Au1YzmQybWjmQpJRSul7uHGhiFvfxZ1vY3oDtR4I+fj/c8jJ7yWCK23bX1ZmZXVtfSO7mdva3tndy+8fNFScSsrqNBaxbHmomOARq2u uBWslkmHoCdb0BtcTv/nApOJxdKeHCXND7EU84BS1ke47KJI+dv1Lu2iXzrr5grmnRQyUy5VSmTgLZQEFmFetm//s+DFNQxZpKlCptmMn2h2h1JwKNs51UsUSpAPssbbBCEOm3N F06zE5MYpPgliaE2kyVX9OjDBUahh6pjNE3Vd/vYn4n9dOdXDhjniUpJpFdPZQkAqiYzKJgPhcMqrF0ABSyc2uhPZRItUmqJwJYenLy9AoFR3Dt5VC9WoeRxaO4BhOwYFzqMIN1 KAOFCQ8wQu8Wo/Ws/Vmvc9aM9Z85hB+lfXxDdzmkW0=</latexit>
↵d = 0.03
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Figure 5. Ratio of the matter power spectrum between scenarios with and without dark acoustic
oscillations, as is defined in Eq. (3.16). We use two representative values of αd in the region of
interest. The result is obtained by solving the linear order equations listed in the text. The ratio
at large k is expected to receive further corrections from non-linear effects.
Mpc−1. One thing to notice is that unlike the warm dark matter scenario that can totally
eliminate the matter power spectrum at small scales, the suppression due to the dark
acoustic oscillations itself oscillates before entering the non-linear regime. As is shown,
e.g., in Ref. [49, 50], the gravitational collapse after redshift z <∼ 10 is likely to destroy this
oscillation pattern and therefore it reduces the suppression of the power spectrum in the
non-linear region. Once the non-linear corrections to the density perturbation are included,
the galaxy survey data and Lyman-α observations, which probe the matter power spectrum
at even larger k-modes, can be used to further constrain dark acoustic oscillations [51–54],
and thereby the parameter space of our model.
3.3 Scattering between bound states and small scale structure
After halo formation, the scattering cross section between the non-relativistic H12 bound
states in the halo is roughly geometric in size, σ ∼ (µ12αd)−1. For the region of parameter
space we are interested in, where the heaviest DM flavor has a mass of O(10) GeV and
αd ∼ 10−2, the resulting cross section over mass ratio σ/mH12 ∼ 0.1 cm2/g can be large
enough to thermalize the bound states and change the DM density in the inner part of the
halo. It was pointed out in Ref. [11] that dark hydrogen with a similar range of mass and
couplings can explain the low DM density cores observed in small galaxies. Moreover, if
the hyperfine splitting of the bound state
Ehf =
8
3
α2d f(R)
−1E0, R ≡ mχ1
mχ2
, f(R) = R+ 2 +R−1 − α
2
d
2
(3.17)
normalized by the energy scale E0 = α
2
d µ12 is comparable to the kinetic energy of the bound
state, the effect of the inelastic hyperfine upscattering is to enhance the cross section of
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H12 self-interactions. The velocity dependence in this process makes the self-interaction
cross sections in dwarf halos larger than that in cluster halos, giving the correct σ/m ratio
to solve the mass deficit problem in galaxy clusters.
In order to show that the same mechanism also works in the region of parameter space
that is of interest to us, we adopt the best fit value from ref. [11]
Ehf = 10
−4E0 (3.18)
and we limit ourselves to the range of αd in Fig. 3 of [11], where both the dwarf and cluster
data can be explained. Since we want the H12 self-interaction to solve the small scale
structure problem, we choose n3/n1 = 0.1 as our benchmark value such that H12 and not
H13 is the dominant component of DM, while the n3 number density is not unnaturally
small (see figure 1), and also not too small to maintain the thermal equilibrium in the
early universe that is responsible for suppressing structure formation and addressing the
σ8 discrepancy.
Even though it constitutes a smaller fraction of the DM energy density, we need to
assess whether the H13 bound state may still play a role in halo formation. In particular,
the H13 bound state has a much larger radius than H12 due to the smallness of mχ3 , and
therefore scattering with H13 could potentially change the desired core size of the H12
halo. However, we find that this is not the case. For the parameter range we consider, the
inverse Bohr radius of H13 (∼ 10 keV) is still too small compared to to the value that would
result in sufficient momentum transfer for keeping H12 atoms in thermal equilibrium both
at dwarf galaxies (∼ MeV) and galaxy clusters (∼ 100 MeV). Thus the scattering process
most efficient for momentum transfer is off the χ1 particle (i.e. the “nucleus”) inside H13,
with a cross section comparable to the H12 self-scattering. Therefore the geometric size of
H13 does not lead to an enhancement, and the H12 isothermal profile is not significantly
affected.
As structures form, the bound states fall into the overdense region and their gravi-
tational potential energy is converted into kinetic energy, resulting in shock-heating to a
temperature [55]
Tgal ≈ 0.86 keV µ
10 GeV
(3.19)
for a Milky Way sized galaxy with halo mass 1012M and radius 110 kpc. Here µ is the
total mass of all degrees of freedom that contribute to ρDM divided by their total number
density, given by
µ =
(n2 − nf2)mH12 + (n3 − nf3)mH13 +
∑3
i=1 n
f
imχi
(n2 − nf2) + (n3 − nf3) +
∑3
i=1 n
f
i
. (3.20)
If Tgal is higher than the binding energy, bound states can dissociate. While the more
tightly bound H12 does not dissociate in the region of parameter space that is of interest
to us, if H13 “reionizes” in this fashion, the scattering process χ3χ1 → χ3χ1γD can lead to
efficient cooling through bremsstrahlung. For simplicity, when checking for the ionization
of H13, we take the initial condition to be n
f
i = 0. In the parameter region where H13
reionizes, we then recalculate Tgal with n
f
1 = n
f
3 = n3 (fully reionized H13) to use in the
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estimate for the cooling process. An estimation of the cooling time scale through this
process is given by [55]
tbrem ∼ 6 Gyr
(
0.02
αd
)3( 0.1
n3/n1
)( µ
10 GeV
) 1
2
( mH12
10 GeV
)( mχ3
1 MeV
) 3
2
. (3.21)
The emitted dark photon can have a free streaming length much larger than the size of
the halo, leading to halo cooling. If tbrem is much shorter than the age of the Milky Way
(TMW ), a dark disc may form. Recently, results from the GAIA survey [56] have been used
to set an upper bound on the fraction of the DM that can be contained in a dark disc at
∼ 1% [57, 58]. A detailed study of the cooling process and the merger history of sub-halos
is beyond the scope of this paper, therefore as we scan through the parameter space of our
model, we will use tbrem/TMW as a conservative indicator of whether there is a significant
probability of dark disc formation. In Fig. 6, the region where H13 can be reionized due to
shock heating is shown below the red-dotted curve, and the region where the condition for
efficient bremsstrahlung cooling is satisfied is shown above the red dashed curve, resulting
in the red shaded region where both conditions are satisfied and where a dark disc may
form.
3.4 Reconciling the large and small scale structure problems
In figure 6, we show our combined results for several representative parameter choices, and
as a function of mχ3 and αd. As mentioned in the previous section, we fix n2/n1 = 0.9.
We consider 25 GeV and 45 GeV as the mass of the heaviest DM flavor, considering both
possible hierarchies, mχ1 > mχ2 and mχ2 > mχ1 .
• Addressing the σ8 discrepancy: We calculate the power spectrum ratio of Eq. (3.16)
for k = 0.2h Mpc−1, which is close to the perturbation mode for the σ8 measurement.
The contours of the power spectrum suppression depend mainly on the H13 recombi-
nation time scale, thus a constant power spectrum suppression traces αd ∝ (mχ3)−
1
2
for a constant H13 binding energy, but they do not depend strongly on mχ1 . The
interesting regions for addressing the σ8 problem are shown by the yellow bands.
• Small scale structure: We fix the ratio of the hyperfine splitting to the ground
state energy as in Eq. (3.18). The mass of the intermediate DM flavor (χ2 for the
upper row of plots, and χ1 for the lower row) is then determined at each point. This
is indicated by the frame labels on the right-hand side of each plot. The preferred αd
interval for solving both the dwarf and cluster mass deficit problems from ref. [11] is
indicated by the blue shaded bands.
• Constraints from dark disc formation: As explained in the previous section,
the formation of a dark disc is possible in the red shaded region, which is therefore
disfavored.
In summary, the overlap region between the yellow and blue bands that is outside of
the red region gives the most preferred parameter space for addressing structure formation
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<latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit>
0.10
<latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit>
1.1<latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7h 4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGxJ g2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7h 4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGxJ g2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7h 4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGxJ g2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7h 4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGxJ g2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit>
0.39
<latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit>
0.19
<latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit>
0.12
<latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit>
halo cooling
dwarf / cluster preferred
n2/n1 = 0.9
<latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I="> AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lgh tw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj 1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp 0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA 96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I="> AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lgh tw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj 1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp 0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA 96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I="> AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lgh tw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj 1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp 0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA 96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I="> AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lgh tw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj 1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp 0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA 96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit>
Power Spectrum Suppression
k = 0.2hMpc 1
<latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydl kKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5Xl NY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydl kKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5Xl NY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydl kKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5Xl NY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydl kKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5Xl NY=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q 1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q 1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q 1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q 1/oZNs</latexit>
m 1 = 25GeV
<latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=" >AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+ cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/M g8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4P RrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O 60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=" >AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+ cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/M g8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4P RrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O 60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=" >AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+ cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/M g8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4P RrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O 60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit><latexit sha1_base64="vV2Poit6H5yOr9Vc4Ek/mCPVpZs=" >AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+ cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/M g8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4P RrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5atapr+O 60Ur8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+ABitlgA=</latexit>
m
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eV
]
<latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit>
 3 [MeV]
<latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM =">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwO Ode7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0C GlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEk hjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNE BZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt 1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM =">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwO Ode7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0C GlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEk hjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNE BZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt 1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM =">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwO Ode7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0C GlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEk hjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNE BZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt 1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM =">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwO Ode7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0C GlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEk hjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNE BZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt 1eW/w==</latexit>
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5.3
<latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit>
2.0
<latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit>
1.1<latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdV BNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdV BNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdV BNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdV BNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit>
0.70
<latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit>
0.48
<latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit>
0.35
<latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80aK 5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80aK 5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80aK 5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80aK 5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit>
0.27
<latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit>
0.21
<latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nIr SdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nIr SdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nIr SdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nIr SdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit>
0.17
<latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14k MC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14k MC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14k MC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14k MC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit>
halo cooling
n2/n1 = 0.9
<latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwS blXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==< /latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwS blXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==< /latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwS blXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==< /latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwS blXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==< /latexit>
 3 [MeV]
<latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4 AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4 AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4 AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4 AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit>
m
 
2
[G
eV
]
<latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit><latexit sha1_base64="SpLvO9/SVgJo8IaoWGOYxIi+tG0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlC/lrsVt+JkruDwnHRyzzfLVvWwUT+uHcHfxK5aE5TBDC3ffHN7MU45iRRmSErHthLlZUgoihnJS24qSYLwEPWJo2mEOJFeNnkhh/ta6cEwFroiBSfq14kMcSlHPNCdHKmB/OmNxb88J1XhiZfRKEkVifB0UZgyqGI4zgP2qCBYsZEmCAuqb4V4gATCSqdW0iF8fgr/J51a1db8sl5uns7iKIJdsAcOgA0aoAkuQAu0AQa34B48gifjzngwno2XaWvBmM1sg28wXj8ArJOW+A==</latexit>
m 1 = 45GeV
<latexit sha1_base64="iJkDtJ0KgsOpsY5PMYySCUoE2uo=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKIhXdCEUXuqxgL9 CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjl BOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5ap1XX8F2tUr8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PW BauY2QN/ZH3+ABvNlgI=</latexit><latexit sha1_base64="iJkDtJ0KgsOpsY5PMYySCUoE2uo=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKIhXdCEUXuqxgL9 CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjl BOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5ap1XX8F2tUr8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PW BauY2QN/ZH3+ABvNlgI=</latexit><latexit sha1_base64="iJkDtJ0KgsOpsY5PMYySCUoE2uo=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKIhXdCEUXuqxgL9 CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjl BOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5ap1XX8F2tUr8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PW BauY2QN/ZH3+ABvNlgI=</latexit><latexit sha1_base64="iJkDtJ0KgsOpsY5PMYySCUoE2uo=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKIhXdCEUXuqxgL9 CEMJlO2qEzkzAzEUqIG1/FjQtF3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/EKloLO71KCE+R31BI4qRNlZg7/Mg8/CABm5+WTvzTjJPcnhDWnlgV5yqMxGcB7eACijUCOwvrxfjl BOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNCsSJ8rPJBTk8Mk4PRrE0T2g4cX9PZIgrNeKh6eRID9RsbWz+V+umOrrwMyqSVBOBp4uilEEdw3EcsEclwZqNDCAsqfkrxAMkEdYmtLIJwZ09eR5ap1XX8F2tUr8q4iiBA3AIjoELzkEd3IIGaAIMHsEzeAVv1pP1Yr1bH9PW BauY2QN/ZH3+ABvNlgI=</latexit>
Power Spectrum Suppression
k = 0.2hMpc 1
<latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmI pSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydlkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz +ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KEQR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5XlNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmI pSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydlkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz +ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KEQR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5XlNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmI pSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydlkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz +ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KEQR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5XlNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmI pSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNydlkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz +ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KEQR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5XlNY=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkE mYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrf n+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkE mYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrf n+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkE mYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrf n+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkE mYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK69XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdRQoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrf n+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18Q1/oZNs</latexit>
0.5
0.7
0.8
0.85
0.95
0.98
0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.02
0.04
0.06
0.08
0.10
m3 [MeV]
α
d
2.9
<latexit sha1_base64="fZoEE7t0jK6HNTNosga0l2NUUec=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMRm9BLx4jmgWSIfR0epIm3T1Dd48Q hnyCFw+KePWLvPk3dhbB9UHB470qquqFCWfaeN67s7C4tLyymlvLr29sbm0XdnYbOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDy4nfvKNKs1jemlFCA4H7kkWMYGOlm5J73i0UPfe4Uj4tnaDfxHe9KYowR61beOv0YpIKKg3hWOu27yUmyLAyjHA6zndSTRNMhrhP25ZKLKgOsumpY3RolR6KYmVLGjRVv0 5kWGg9EqHtFNgM9E9vIv7ltVMTnQUZk0lqqCSzRVHKkYnR5G/UY4oSw0eWYKKYvRWRAVaYGJtO3obw+Sn6nzRKrm/5dblYvZjHkYN9OIAj8KECVbiCGtSBQB/u4RGeHO48OM/Oy6x1wZnP7ME3OK8f1+mNgg==</latexit><latexit sha1_base64="fZoEE7t0jK6HNTNosga0l2NUUec=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMRm9BLx4jmgWSIfR0epIm3T1Dd48Q hnyCFw+KePWLvPk3dhbB9UHB470qquqFCWfaeN67s7C4tLyymlvLr29sbm0XdnYbOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDy4nfvKNKs1jemlFCA4H7kkWMYGOlm5J73i0UPfe4Uj4tnaDfxHe9KYowR61beOv0YpIKKg3hWOu27yUmyLAyjHA6zndSTRNMhrhP25ZKLKgOsumpY3RolR6KYmVLGjRVv0 5kWGg9EqHtFNgM9E9vIv7ltVMTnQUZk0lqqCSzRVHKkYnR5G/UY4oSw0eWYKKYvRWRAVaYGJtO3obw+Sn6nzRKrm/5dblYvZjHkYN9OIAj8KECVbiCGtSBQB/u4RGeHO48OM/Oy6x1wZnP7ME3OK8f1+mNgg==</latexit><latexit sha1_base64="fZoEE7t0jK6HNTNosga0l2NUUec=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMRm9BLx4jmgWSIfR0epIm3T1Dd48Q hnyCFw+KePWLvPk3dhbB9UHB470qquqFCWfaeN67s7C4tLyymlvLr29sbm0XdnYbOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDy4nfvKNKs1jemlFCA4H7kkWMYGOlm5J73i0UPfe4Uj4tnaDfxHe9KYowR61beOv0YpIKKg3hWOu27yUmyLAyjHA6zndSTRNMhrhP25ZKLKgOsumpY3RolR6KYmVLGjRVv0 5kWGg9EqHtFNgM9E9vIv7ltVMTnQUZk0lqqCSzRVHKkYnR5G/UY4oSw0eWYKKYvRWRAVaYGJtO3obw+Sn6nzRKrm/5dblYvZjHkYN9OIAj8KECVbiCGtSBQB/u4RGeHO48OM/Oy6x1wZnP7ME3OK8f1+mNgg==</latexit><latexit sha1_base64="fZoEE7t0jK6HNTNosga0l2NUUec=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMRm9BLx4jmgWSIfR0epIm3T1Dd48Q hnyCFw+KePWLvPk3dhbB9UHB470qquqFCWfaeN67s7C4tLyymlvLr29sbm0XdnYbOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDy4nfvKNKs1jemlFCA4H7kkWMYGOlm5J73i0UPfe4Uj4tnaDfxHe9KYowR61beOv0YpIKKg3hWOu27yUmyLAyjHA6zndSTRNMhrhP25ZKLKgOsumpY3RolR6KYmVLGjRVv0 5kWGg9EqHtFNgM9E9vIv7ltVMTnQUZk0lqqCSzRVHKkYnR5G/UY4oSw0eWYKKYvRWRAVaYGJtO3obw+Sn6nzRKrm/5dblYvZjHkYN9OIAj8KECVbiCGtSBQB/u4RGeHO48OM/Oy6x1wZnP7ME3OK8f1+mNgg==</latexit>
0.62
<latexit sha1_base64="r1p84WIc/HIHaXaey+RSBC/oDQs=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNMfEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8txquV8see5ZrVItn6PfxHe9OUqwRKNffOsNIpIIKg3hWOuu78UmSLEyjHA6K/QSTWNMJnhEu5ZKLKgO0vmtM3RilQEaRsqWNG iufp1IsdB6KkLbKbAZ659eJv7ldRMzvAhSJuPEUEkWi4YJRyZC2eNowBQlhk8twUQxeysiY6wwMTaegg3h81P0P2mVXd/ym0qpfrmMIw9HcAyn4EMN6nANDWgCgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fQaSNuQ==</latexit><latexit sha1_base64="r1p84WIc/HIHaXaey+RSBC/oDQs=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNMfEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8txquV8see5ZrVItn6PfxHe9OUqwRKNffOsNIpIIKg3hWOuu78UmSLEyjHA6K/QSTWNMJnhEu5ZKLKgO0vmtM3RilQEaRsqWNG iufp1IsdB6KkLbKbAZ659eJv7ldRMzvAhSJuPEUEkWi4YJRyZC2eNowBQlhk8twUQxeysiY6wwMTaegg3h81P0P2mVXd/ym0qpfrmMIw9HcAyn4EMN6nANDWgCgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fQaSNuQ==</latexit><latexit sha1_base64="r1p84WIc/HIHaXaey+RSBC/oDQs=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNMfEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8txquV8see5ZrVItn6PfxHe9OUqwRKNffOsNIpIIKg3hWOuu78UmSLEyjHA6K/QSTWNMJnhEu5ZKLKgO0vmtM3RilQEaRsqWNG iufp1IsdB6KkLbKbAZ659eJv7ldRMzvAhSJuPEUEkWi4YJRyZC2eNowBQlhk8twUQxeysiY6wwMTaegg3h81P0P2mVXd/ym0qpfrmMIw9HcAyn4EMN6nANDWgCgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fQaSNuQ==</latexit><latexit sha1_base64="r1p84WIc/HIHaXaey+RSBC/oDQs=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNMfEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8txquV8see5ZrVItn6PfxHe9OUqwRKNffOsNIpIIKg3hWOuu78UmSLEyjHA6K/QSTWNMJnhEu5ZKLKgO0vmtM3RilQEaRsqWNG iufp1IsdB6KkLbKbAZ659eJv7ldRMzvAhSJuPEUEkWi4YJRyZC2eNowBQlhk8twUQxeysiY6wwMTaegg3h81P0P2mVXd/ym0qpfrmMIw9HcAyn4EMN6nANDWgCgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fQaSNuQ==</latexit>
0.27
<latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3UrxM ZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit>
0.15
<latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit><latexit sha1_base64="5eUm/LdLKMdKyXfND1lRYb92kQk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmNifEY9OIxgnlAsoTZySQZMjO7zM wKYckvePGgiFd/yJt/42wSwWdBQ1HVTXdXGHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXGV++44qzSJ5a6YxDQQeSTZkBJtM8ly/2i+WPPesVjkvV9Fv4rveHCVYotEvvvUGEUkElYZwrHXX92ITpFgZRjidFXqJpjEmEzyiXUslFlQH6fzWGTqxygANI2VLGj RXv06kWGg9FaHtFNiM9U8vE//yuokZXgQpk3FiqCSLRcOEIxOh7HE0YIoSw6eWYKKYvRWRMVaYGBtPwYbw+Sn6n7TKrm/5TaVUv1zGkYcjOIZT8KEGdbiGBjSBwBju4RGeHOE8OM/Oy6I15yxnDuEbnNcPPpeNtw==</latexit>
0.10
<latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit><latexit sha1_base64="XdknVdJCEihZHf83fKhlPKAaiTM=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnut7/VLZc09r1fPKGfpNfNeboQwLNPqlt94gJqmg0hCOte76XmKCDCvDCKfTYi/VNMFkjIe0a6nEguogm906RcdWGaAoVrakQT P160SGhdYTEdpOgc1I//Ry8S+vm5roIsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDxFG8Lnp+h/0qq4vuU31XL9chFHAQ7hCE7AhxrU4Roa0AQCI7iHR3hyhPPgPDsv89YlZzFzAN/gvH4ANwONsg==</latexit>
1.1<latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7 h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGx Jg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7 h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGx Jg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7 h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGx Jg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNunuG7 h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBdVBNjt1go6s0kdRrGx Jg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit>
0.39
<latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit><latexit sha1_base64="3qzp4mh/gDiy3D6tbrAM7P3RB74=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszUanVXdOOygn1AO5RMmmlDk8yQZI Qy9BfcuFDErT/kzr8x01bweSDkcM693HtPEHOmjeu+O7ml5ZXVtfx6YWNza3unuLvX0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2V++44qzSJ5ayYx9QUeShYygk0mueWTi36xZL9a9axyin4Tr+zOUIIFGv3iW28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfznadoiOrDFAYKfukQT P1a0eKhdYTEdhKgc1I//Qy8S+vm5jw3E+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDwFG8Lnpeh/0qqUPctvqqX65SKOPBzAIRyDBzWowzU0oAkERnAPj/DkCOfBeXZe5qU5Z9GzD9/gvH4AR7GNvQ==</latexit>
0.19
<latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit><latexit sha1_base64="iLgeMH5LHOobULRt6HOkvV4V450=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmN0egt6MVjBPOAZAmzk9lkyMzsMj MrhJBf8OJBEa/+kDf/xtkkgs+ChqKqm+6uMOFMG897d3JLyyura/n1wsbm1vZOcXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usr81h1VmsXy1owTGgg8kCxiBJtM8lz/olcsee5JtXJWPkW/ie96M5RggXqv+NbtxyQVVBrCsdYd30tMMMHKMMLptNBNNU0wGeEB7VgqsaA6mMxunaIjq/RRFCtb0q CZ+nVigoXWYxHaToHNUP/0MvEvr5Oa6DyYMJmkhkoyXxSlHJkYZY+jPlOUGD62BBPF7K2IDLHCxNh4CjaEz0/R/6RZdn3Lbyql2uUijjwcwCEcgw9VqME11KEBBIZwD4/w5AjnwXl2XuatOWcxsw/f4Lx+AESnjbs=</latexit>
0.12
<latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit><latexit sha1_base64="wYKFc6ukBuWOIOj2BTrg28EGgC8=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmV khLPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnutX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2 bq14kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOguNtA==</latexit>
halo cooling
dwarf / cluster preferred
n2/n1 = 0.9
<latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=" >AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lg htw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXf j1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMks p0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9R A96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=" >AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lg htw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXf j1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMks p0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9R A96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=" >AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lg htw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXf j1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMks p0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9R A96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=" >AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lg htw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXf j1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTwSblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMks p0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9R A96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A==</latexit>
 3 [MeV]
<latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnH M=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8Hrhw OOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0 CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxE khjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNN EBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foB t1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnH M=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8Hrhw OOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0 CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxE khjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNN EBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foB t1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnH M=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8Hrhw OOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0 CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxE khjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNN EBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foB t1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnH M=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8Hrhw OOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0 CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9Uj+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxE khjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNN EBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foB t1eW/w==</latexit>
m
 
1
[G
eV
]
<latexit sha1_base64="gWcMF7CbrWMc/oR7cPLexVYEurw=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlDfzt2KW3EyV3B4Tjq555tlq3rYqB/XjuBvYletCcpghpZvvrm9GKecRAozJKVjW4nyMiQUxYzkJTeVJEF4iPrE0TRCnEgvm7yQw32t9GAYC12RghP160SGuJQjHuhOjtRA/vTG4l+ek6rwxMtolKSKRHi6KEwZVDEc5wF7VBCs2EgThAXVt0I8QAJhpVMr6RA+P4X/k06tamt+WS83T2dxFMEu2AMHwAYN0AQXoAXaAINbcA8ewZNxZzwYz8bLtLVgzGa2wTcYrx+q/5b3</latexit><latexit sha1_base64="gWcMF7CbrWMc/oR7cPLexVYEurw=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlDfzt2KW3EyV3B4Tjq555tlq3rYqB/XjuBvYletCcpghpZvvrm9GKecRAozJKVjW4nyMiQUxYzkJTeVJEF4iPrE0TRCnEgvm7yQw32t9GAYC12RghP160SGuJQjHuhOjtRA/vTG4l+ek6rwxMtolKSKRHi6KEwZVDEc5wF7VBCs2EgThAXVt0I8QAJhpVMr6RA+P4X/k06tamt+WS83T2dxFMEu2AMHwAYN0AQXoAXaAINbcA8ewZNxZzwYz8bLtLVgzGa2wTcYrx+q/5b3</latexit><latexit sha1_base64="gWcMF7CbrWMc/oR7cPLexVYEurw=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlDfzt2KW3EyV3B4Tjq555tlq3rYqB/XjuBvYletCcpghpZvvrm9GKecRAozJKVjW4nyMiQUxYzkJTeVJEF4iPrE0TRCnEgvm7yQw32t9GAYC12RghP160SGuJQjHuhOjtRA/vTG4l+ek6rwxMtolKSKRHi6KEwZVDEc5wF7VBCs2EgThAXVt0I8QAJhpVMr6RA+P4X/k06tamt+WS83T2dxFMEu2AMHwAYN0AQXoAXaAINbcA8ewZNxZzwYz8bLtLVgzGa2wTcYrx+q/5b3</latexit><latexit sha1_base64="gWcMF7CbrWMc/oR7cPLexVYEurw=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6UktVqXRRe6rGBbIQlhMp20Q2eSMDMRSghu/BU3LhRx61e482+cPgSfBy4czrmXe+8JEkalsqx3ozA3v7C4VFwurayurW+Ym1sdGacCkzaOWSyuAyQJoxFpK6oYuU4EQTxgpBsMz8Z+94YISePoSo0S4nHUj2hIMVJa8s0d7mcuHlDfzt2KW3EyV3B4Tjq555tlq3rYqB/XjuBvYletCcpghpZvvrm9GKecRAozJKVjW4nyMiQUxYzkJTeVJEF4iPrE0TRCnEgvm7yQw32t9GAYC12RghP160SGuJQjHuhOjtRA/vTG4l+ek6rwxMtolKSKRHi6KEwZVDEc5wF7VBCs2EgThAXVt0I8QAJhpVMr6RA+P4X/k06tamt+WS83T2dxFMEu2AMHwAYN0AQXoAXaAINbcA8ewZNxZzwYz8bLtLVgzGa2wTcYrx+q/5b3</latexit>
m 2 = 25GeV
<latexit sha1_base64="gRrA jKX3byTZl4OzmE5s+DU09ss=">AAACAXicbZDLSsNAFIYnXmu9R d0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQt F3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNz a3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/E KloLO71KCE+R31BI4qRNlZg7/Mg8/CABrX8snbmnWSe5PCGtPLA rjhVZyI4D24BFVCoEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSx VJEB6iPukaFIgT5WeTC3J4ZJwejGJpntBw4v6eyBBXasRD08mRH qjZ2tj8r9ZNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGUBYUvNX iAdIIqxNaGUTgjt78jy0alXX8N1ppX5VxFECB+AQHAMXnIM6uAU N0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+yPr8ARpAlgE=</lat exit><latexit sha1_base64="gRrA jKX3byTZl4OzmE5s+DU09ss=">AAACAXicbZDLSsNAFIYnXmu9R d0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQt F3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNz a3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/E KloLO71KCE+R31BI4qRNlZg7/Mg8/CABrX8snbmnWSe5PCGtPLA rjhVZyI4D24BFVCoEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSx VJEB6iPukaFIgT5WeTC3J4ZJwejGJpntBw4v6eyBBXasRD08mRH qjZ2tj8r9ZNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGUBYUvNX iAdIIqxNaGUTgjt78jy0alXX8N1ppX5VxFECB+AQHAMXnIM6uAU N0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+yPr8ARpAlgE=</lat exit><latexit sha1_base64="gRrA jKX3byTZl4OzmE5s+DU09ss=">AAACAXicbZDLSsNAFIYnXmu9R d0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQt F3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNz a3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/E KloLO71KCE+R31BI4qRNlZg7/Mg8/CABrX8snbmnWSe5PCGtPLA rjhVZyI4D24BFVCoEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSx VJEB6iPukaFIgT5WeTC3J4ZJwejGJpntBw4v6eyBBXasRD08mRH qjZ2tj8r9ZNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGUBYUvNX iAdIIqxNaGUTgjt78jy0alXX8N1ppX5VxFECB+AQHAMXnIM6uAU N0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+yPr8ARpAlgE=</lat exit><latexit sha1_base64="gRrA jKX3byTZl4OzmE5s+DU09ss=">AAACAXicbZDLSsNAFIYnXmu9R d0IbgaL4EJKUhTdCEUXuqxgL9CEMJlO2qEzkzAzEUqIG1/FjQt F3PoW7nwbp20W2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNz a3tu2d3ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fB6XG8/E KloLO71KCE+R31BI4qRNlZg7/Mg8/CABrX8snbmnWSe5PCGtPLA rjhVZyI4D24BFVCoEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSx VJEB6iPukaFIgT5WeTC3J4ZJwejGJpntBw4v6eyBBXasRD08mRH qjZ2tj8r9ZNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGUBYUvNX iAdIIqxNaGUTgjt78jy0alXX8N1ppX5VxFECB+AQHAMXnIM6uAU N0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+yPr8ARpAlgE=</lat exit>
Power Spectrum Suppression
k = 0.2hMpc 1
<latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNyd lkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5X lNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNyd lkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5X lNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNyd lkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5X lNY=</latexit><latexit sha1_base64="coatwhj1bIIGMSMh28Rv16dWvL8=">AAAB/3i cbVDLSsNAFJ3UV62vqODGzWARXGhJiqAboejGjVDBPqCJZTKdtENnJmFmIpSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFuFhcWl5ZXiaml tfWNzy97eaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK/GfuuBSEUjcadHMfE56gsaUoy0kbr23vDCqVQH3nHqSQ5vYpzdpydu1rXLTsWZAM4TNyd lkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un07uz+ChUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KE QR3BcRiwRyXBmo0MQVhScyvEAyQR1iaykgnBnX15njSrFdepuLen5dplHkcR7IMDcARccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Fqx8Zhf8gfX5Aw5X lNY=</latexit>
 Neff = 0.6
<latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18 Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18 Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18 Q1/oZNs</latexit><latexit sha1_base64="743aR0AlheibISqGWeB2hBgloes=">AAAB+ 3icbZDLSsNAFIYn9VbrLdalm8EiuCqJiLoRirpwJRXsBdoQJtOTduhkEmYmYgl5FTcuFHHri7jzbZy2WWj1h4GP/5zDOfMHCWdKO86XVVpaXlldK6 9XNja3tnfs3Wpbxamk0KIxj2U3IAo4E9DSTHPoJhJIFHDoBOOrab3zAFKxWNzrSQJeRIaChYwSbSzfrvavgWuCb/0MwjC/cOqnvl1z6s5M+C+4BdR QoaZvf/YHMU0jEJpyolTPdRLtZURqRjnklX6qICF0TIbQMyhIBMrLZrfn+NA4AxzG0jyh8cz9OZGRSKlJFJjOiOiRWqxNzf9qvVSH517GRJJqEHS+ KEw51jGeBoEHTALVfGKAUMnMrZiOiCRUm7gqJgR38ct/oX1cdw3fndQal0UcZbSPDtARctEZaqAb1EQtRNEjekIv6NXKrWfrzXqft5asYmYP/ZL18 Q1/oZNs</latexit>
0.5
0.7
0.8
0.85
0.95
0.98
0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.02
0.04
0.06
0.08
0.10
m3 [MeV]
α
d
dwarf / cluster preferred
5.3
<latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit><latexit sha1_base64="JSNOtTfPxwYO3kp7Zxu3aiN4Myg=">AAAB6nicdVDJSgNBEK2JW4zbqEcvjUHwNMxkMR6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEs6Udt13K7eyura+kd8sbG3v7O7Z+wctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfjy5nfvqNSsVjc6klC/QgPBQsZwdpIN1Wn3LeLrlOuVc5KVfSbeI47RxGWaPTtt94gJmlEhSYcK9X13ET7GZaaEU6nhV6qaILJGA9p11CBI6r8bH7qFJ0YZYDCWJoSGs3Vrx MZjpSaRIHpjLAeqZ/eTPzL66Y6PPczJpJUU0EWi8KUIx2j2d9owCQlmk8MwUQycysiIywx0Sadggnh81P0P2mVHM/w60qxfrGMIw9HcAyn4EEN6nAFDWgCgSHcwyM8Wdx6sJ6tl0VrzlrOHMI3WK8f02ONfw==</latexit>
2.0
<latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit><latexit sha1_base64="TOObh9GOE7tbPei8zW1UOmGm2KE=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRNenqG7h4h DPkELx4U8eoXefNv7CyC64OCx3tVVNULEsG1cd13lFtaXlldy68XNja3tneKu3tNHaeKsgaNRazaAdFMcMkahhvB2oliJAoEawWjy6nfumNK81jemnHC/IgMJA85JcZKN2XH7RVLrnNSrZyVT/Fv4jnuDCVYoN4rvnX7MU0jJg0VROuO5ybGz4gynAo2KXRTzRJCR2TAOpZKEjHtZ7NTJ/jIKn0cxsqWNHimfp 3ISKT1OApsZ0TMUP/0puJfXic14bmfcZmkhkk6XxSmApsYT//Gfa4YNWJsCaGK21sxHRJFqLHpFGwIn5/i/0mz7HiWX1dKtYtFHHk4gEM4Bg+qUIMrqEMDKAzgHh7hCQn0gJ7Ry7w1hxYz+/AN6PUDykWNeQ==</latexit>
1.1<latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBd VBNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBd VBNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBd VBNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit><latexit sha1_base64="P82RWFK7W9t1DQZN/5PDQicGNAM=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiNB6DXjxGNAskQ+jp9CRN unuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9/1e8WS555UK2flU/Sb+K43QwkWqPeKb91+TFJBpSEca93xvcQEGVaGEU4nhW6qaYLJCA9ox1KJBd VBNjt1go6s0kdRrGxJg2bq14kMC63HIrSdApuh/ulNxb+8Tmqi8yBjMkkNlWS+KEo5MjGa/o36TFFi+NgSTBSztyIyxAoTY9Mp2BA+P0X/k2bZ9S2/rpRqF4s48nAAh3AMPlShBldQhwYQGMA9PMKTw50H59l5mbfmnMXMPnyD8/oBykONeQ==</latexit>
0.70
<latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit><latexit sha1_base64="vAq7FwtqU3nHk5vvZxqXu/lHPL0=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvz+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQCGNuA==</latexit>
0.48
<latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit><latexit sha1_base64="pV1BUImp4gP87APHMAiWT4iDJEY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnEaHIMevEYwTwgWcLsZDYZMjO7zMwKYc kvePGgiFd/yJt/42wSwWdBQ1HVTXdXEHOmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeYXGV+544qzSJ5a6Yx9QUeSRYygk0meW61PiiWPPesVr2onKPfpOx6c5Rgieag+NYfRiQRVBrCsda9shcbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3ztCJVYYojJQtadBc/TqRYqH1V AS2U2Az1j+9TPzL6yUmrPspk3FiqCSLRWHCkYlQ9jgaMkWJ4VNLMFHM3orIGCtMjI2nYEP4/BT9T9oVt2z5TbXUuFzGkYcjOIZTKEMNGnANTWgBgTHcwyM8OcJ5cJ6dl0VrzlnOHMI3OK8fR7KNvQ==</latexit>
0.35
<latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80a K5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80a K5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80a K5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit><latexit sha1_base64="KPOVlBm64fKjny63oxQEhX+gVzc=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgqszU1rosunFZwT6gHUomzbShSWZIMk IZ+gtuXCji1h9y59+YaSv4PBByOOde7r0niDnTxnXfndzK6tr6Rn6zsLW9s7tX3D9o6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMrjK/c0eVZpG8NdOY+gKPJAsZwSaT3PJZbVAs2a9ePa/U0G/ild05SrBEc1B86w8jkggqDeFY657nxsZPsTKMcDor9BNNY0wmeER7lkosqPbT+a4zdGKVIQojZZ80a K5+7Uix0HoqAlspsBnrn14m/uX1EhNe+CmTcWKoJItBYcKRiVB2OBoyRYnhU0swUczuisgYK0yMjadgQ/i8FP1P2pWyZ/lNtdS4XMaRhyM4hlPwoA4NuIYmtIDAGO7hEZ4c4Tw4z87LojTnLHsO4Ruc1w9BoY25</latexit>
0.27
<latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3Urx MZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3Urx MZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3Urx MZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit><latexit sha1_base64="N+DXC/4DjV4s8K3RzSuHKOwbLZs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlup9Utlzz2tVc8rZ+g38V1vhjIs0OiX3nqDmKSCSkM41rrre4kJMqwMI5xOi71U0wSTMR7SrqUSC6qDbHbrFB1bZYCiWNmSBs3Urx MZFlpPRGg7BTYj/dPLxb+8bmqiiyBjMkkNlWS+KEo5MjHKH0cDpigxfGIJJorZWxEZYYWJsfEUbQifn6L/Savi+pbfVMv1y0UcBTiEIzgBH2pQh2toQBMIjOAeHuHJEc6D8+y8zFuXnMXMAXyD8/oBQySNug==</latexit>
0.21
<latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit><latexit sha1_base64="4ghz5pPhwfUoqGH5sRKw7surWrQ=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkhLP kFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnlvx+6Wy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14kMC60nI rSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AOgyNtA==</latexit>
0.17
<latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14 kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14 kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14 kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit><latexit sha1_base64="aCvKtSgL4th++U+FsMsrSKFQzCk=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8LbsxGo9BLx4jmAckS5idzCZDZmaXmVkh LPkFLx4U8eoPefNvnE0i+CxoKKq66e4KE8608bx3Z2l5ZXVtvbBR3Nza3tkt7e23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HV7nfvqNKs1jemklCA4GHkkWMYJNLnuvX+qWy557WqueVM/Sb+K43QxkWaPRLb71BTFJBpSEca931vcQEGVaGEU6nxV6qaYLJGA9p11KJBdVBNrt1io6tMkBRrGxJg2bq14 kMC60nIrSdApuR/unl4l9eNzXRRZAxmaSGSjJfFKUcmRjlj6MBU5QYPrEEE8XsrYiMsMLE2HiKNoTPT9H/pFVxfctvquX65SKOAhzCEZyADzWowzU0oAkERnAPj/DkCOfBeXZe5q1LzmLmAL7Bef0AQZ+NuQ==</latexit>
halo cooling
n2/n1 = 0.9
<latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTw SblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A== </latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTw SblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A== </latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTw SblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A== </latexit><latexit sha1_base64="vS19d5txP4WCq2YKom0huu/DZ5I=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRbBVZ0pgroQim5cVrAXmA 5DJs20oZlkSM4IZehjuHGhiFufxp1vY9rOQlt/CHz85xxyzh+lghtw3W9nZXVtfWOztFXe3tnd268cHLaNyjRlLaqE0t2IGCa4ZC3gIFg31YwkkWCdaHQ3rXeemDZcyUcYpyxIyEDymFMC1vJlWD+XoXfj1q7DStWtuTPhZfAKqKJCzbDy1esrmiVMAhXEGN9zUwhyooFTw SblXmZYSuiIDJhvUZKEmSCfrTzBp9bp41hp+yTgmft7IieJMeMksp0JgaFZrE3N/2p+BvFVkHOZZsAknX8UZwKDwtP7cZ9rRkGMLRCqud0V0yHRhIJNqWxD8BZPXoZ2veZZfrioNm6LOEroGJ2gM+ShS9RA96iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9yPn8APuuP6A== </latexit>
 3 [MeV]
<latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE 4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE 4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE 4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit><latexit sha1_base64="XGvQMAIcYuDqojda6OZ+mGMEnHM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEF6WkD63Lohs3 QgX7gCSEyXTSDp1JwsxEKCG48VfcuFDErV/hzr9x+hB8HrhwOOde7r3HjxmVyrLejdzC4tLySn61sLa+sbllbu90ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPzid+94YISaPwWo1j4nI0CGlAMVJa8sw97qUOHlKvljklp2SnjuDwknQy1zOLVrnWqJ9U j+FvUilbUxTBHC3PfHP6EU44CRVmSEq7YsXKTZFQFDOSFZxEkhjhERoQW9MQcSLddPpCBg+10odBJHSFCk7VrxMp4lKOua87OVJD+dObiH95dqKCUzelYZwoEuLZoiBhUEVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEP4/BT+TzrVckXzq3qxeTaPIw/2wQE 4AhXQAE1wAVqgDTC4BffgETwZd8aD8Wy8zFpzxnxmF3yD8foBt1eW/w==</latexit>
m
 
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eV
]
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m 2 = 45GeV
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Power Spectrum Suppression
k = 0.2hMpc 1
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 Neff = 0.6
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Figure 6. The combination of our results, for a few representative parameter choices. Plots on the
left (right) column have the mass of the heaviest DM flavor at 25 (45) GeV. n2/n1 is chosen to be
0.9 in all plots. In the upper row, χ1 is the heaviest flavor, so its mass is fixed, while the mass of
χ2 varies according to the Ehf/E0 = 10
−4 benchmark we have adopted (as indicated by the frame
labels on the right-hand side of the plots). In the lower row, the roles of χ1 and χ2 are reversed. As
a function of mχ3 and αd, between the yellow shaded contours the matter power is suppressed by
5-15%, which may explain the smaller σ8 value from late-time measurements compared to the value
obtained by Planck. The blue-shaded bands show the preferred αd interval where the mass deficit
problem from dwarf galaxies to clusters is addressed. The red shaded region is disfavored by dark
disc constraints as it allows for efficient cooling of the DM during halo formation. The preferred
parameter space is therefore given by the overlap of the yellow and blue bands that is outside of
the red shaded region.
puzzles at different scales. This favors the ranges αd ≈ 0.02-0.04, 20-45 GeV for the mass
of the heaviest DM flavor, and the MeV scale for the mass of the lightest flavor. We
reiterate that in this study we have taken a relatively simple approach to demonstrate that
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our model has the potential to solve the relevant structure formation problems; however
a more careful study of the cosmological data and the Lyman-α constraints should be
performed to fully establish this claim and determine the precise region in the parameter
region where all conditions of interest are satisfied.
4 Conclusions
We have explored the cosmological and astrophysical implications of a model of Secretly
Asymmetric Dark Matter, where flavor-by-flavor asymmetries are generated in the dark
sector through the decay of heavy right-handed neutrinos, despite an exact gauged dark
U(1). As a result, the total dark charge of the universe is always zero, and the DM flavors
have opposite signs of the asymmetry, making it possible for bound states to form. When
the heaviest dark matter flavor has a mass of O(10) GeV, the intermediate flavor has a
mass of O(0.1−1) GeV, and the lightest flavor has a mass of O(1) MeV, with an αd ∼ 10−2
and n3/n1 ∼ 0.1, this model can address several outstanding puzzles. In particular, the
dark photon as an additional degree of freedom helps resolve the discrepancy between
CMB-based and low redshift measurements of H0, the resulting dark acoustic oscillations
help address the σ8 problem, and scattering between the bound states H12 after halo
formation, with an inelastic component through the hyperfine transition, helps resolve
issues at the cluster and dwarf galaxy scales. The model is consistent with constraints
from short distance physics such as bounds on millicharged DM.
We want to emphasize that while we have chosen the DM to have three flavors for
simplicity, the SADM mechanism works for a larger number of flavors as well, resulting
in potentially even richer dynamical phenomena due to the increased number of relevant
energy scales. We leave the exploration of this possibility to future work. Note also that
as experimental sensitivity to millicharged DM increases, especially as the mass threshold
of direct detection experiments is lowered, the parameter region of interest to this study
should become testable in the not too distant future. Also, if the mass of the mediator φ is
smaller than the benchmark value taken in equation 2.11, the lifetime of the heavier DM
flavors can enter the regime where decaying DM signatures might become observable.
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